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HETEROBIARYLCYCLO11EXYL-TETRAAZABENZO[E1AZULENES Background of the invention
Vasopressin is a 9 amino acid peptide mainly produced by the paraventricular nucleus of 5 the
hypothalam2i# e P&tiphery vasopressin acts as a neurohormone and STAGAEE VS constriction,
glycogenolysis and antidiuresis. Three vasopressin receptors, all belonging to the class | G-protein
coupled receptors, are known. The Via receptor is expressed in the brain, liver, vascular smooth
muscle, lung, utefys AR GRS e R PIOf R ook inexRiesseizhe) Riain andsituitary gland,
the V2 receptor is 10 expressed in the kidney where it regulates water reabsorption and mediates the
antidiuretic e I(‘:(Es of v or’%]sesrl 0(Ilieobben, et al. (2006). Am J Physiol Renal Physiol. 291, P257-70,

n
"Cell biolatfieaF L s enion, o ssin type-2 receptor and aquaporin 2 water channel in

nephrogenic diapetes insipidus”). Compqunds with activity at the V2 receptor can therefore cause
side-effects on MBB?PWS?’?@@S%?S%?T@#@ 8%’/??&31 '?é‘éé 6’?1???%3 etge’t(? e i?‘ans%lp%gg’f?le}l&?z;tor
familySandhmédipatideveffdots st thesinbemoHERRRIRS IBXPESEItin 2hBeBFARYERENEh e SERERIEOXytocin
is believedapdaveicaniral @pdalytisiefects:(Nemmann (2008). J Neuroendocrinol. 20, 858-65, "Brain
oxytocin: a key regulator of emotional and social behaviors in both females and males"). Central
oxytocin receptoraedagesissasmight taacctoredradite anxiegenic effgstsciwhialprertegatdedas 20
e aione oo DN IR YRRNIEPRINATA AE oG ialReahis RoNRlE B e

amygdala during stress ner, et 20 ur J Neurosci. 15, 384-8., "Forced g&lmmlng triggers
a 1

vasopresshrEdastsHhioMmE HRRFgELIS B oS dRe S ue @5GiA WEX&&BQ’ i atgseqeRs kHown that
stres$ful |ifepessenitsicaherigderymelorcdspressies amdeancdiyofriernerd enedirooby. AVEH@ER 25
Psychiatry.s686; 139-26prédieh ENepbRIBERsiQues)f hoss, Humiiatian: Brvsepnesnt, kasd-Darngedin the
Prediction_of. Onsets of Major Depressi nd Generali Anxiety” y:high
comorbidi )1/‘,:'1\(/31%1 ‘""gﬁﬁ? ﬁCt%f?e{En%ﬁg;géi%ﬁgﬁgjc}? eﬁré%i? %O?I;Rggéc}ﬁﬁgﬁ?%&%%eqj%%ﬂ i]gtry
Suppl. 24178’}’]“1‘3?%%ﬁ’@éeé?gaﬁiﬁ‘é’l‘ﬁii‘tﬁQo@%&ﬂ@fh@ﬁ%&ﬁ%?ﬁdﬁ&R]Rﬁth ESTURY SiaREere
disorders'Yaikheidtaffecspiobiscdensivdtyioxpressed in the brain and particularly in 30 limbic areas
like the amygdala, lateral septum and hippocampus which are playing an important role in the
regulasion of anxiaty okt Meepuwodk-alttedide ghoWaapdadtiordepamxious hehdviodintthdhe
plus-maze,RpEnfield aRd gkt @é}%@&eﬂﬁ@e alrdth @RR0OA. Nesmpsychopharmascelogyd 20,
e e PRI SR [RRMUDN AR 9GO AR 16, 2B Bran
vasopressin'Vla receptor knockout mice”).” The 35 downregulation of the Via receptor using antisense
oligonucledtidecinjedFon s s ShRIA IS catsesd REEREh THPaHXIBEe FL AR B3P B ah g et al.
(1995). RegyiderpleaPic?2 28+38niW might therefore lead to anxiogenic effects, which are regarded as

20 undesired side-effects.

In the brain vasopressin acts as a neuromodulator and is elevated in the amygdala during
stress (Ebner, et al. (2002). Fur J Neurosci. 15, 384-8., "Forced swimming triggers vasopressin
release within the amygdala to modulate stress-coping strategies in rats”). It is known that
stressful life events can trigger major depression and anxiety (Kendler, et al. (2003). Arch Gen

25 Psychiatry. 60, 789-96, "Life Event Dimensions of Loss, Humiliation, Entrapment, and Danger
in the Prediction of Onsets of Major Depression and Generalized Anxiety"”) and that both have
very high comorbidity, with anxiety often preceding major depression (Regier, et al. (1998). Br J
Psychiatry Suppl. 24-8, "Prevalence of anxiety disorders and their comorbidity with mood and
addictive disorders"). The Vla receptor is extensively expressed in the brain and particularly in
30 limbic areas like the amygdala, lateral septum and hippocampus which are playing an important
role in the regulation of anxiety. Indeed Vla knock-out mice show a reduction in anxious
behavior in the plus-maze, open field and light-dark box (Bielsky, et al. (2004).
Neuropsychopharmacology. 29, 483-93, "Profound impairment in social recognition and
reduction in anxiety-like behavior in vasopressin Vla receptor knockout mice"). The
35 downregulation of the V1a receptor using antisense oligonucleotide injection in the septum also
causes a reduction in anxious behavior (Landgraf, et al. (1995). Regul Pept. 59, 229-39., "V1

vasopressin receptor antisense oligodeoxynucleotide into septum reduces vasopressin binding,



vasopressin receptor antisense oligodeoxynucleotide into septum reduces vasopressin binding, WO
2011/134877PCT/EP2011/056391 -2- social discrimination abilities, and anxiety-related behavior in
rats"). Vasopressin or the Via receptor are also implicated in other neuropsgr(fholzc()}gii%%l di]sorders:
genetic studi‘é@r?é’&gﬁ%ﬁﬂ?nked sequence polymorphism in the promoter of thehdtman ia receptor to
autistic spectrum disorders (Yirmiya, et al. (2006). 11, 488-94, "Association between the arginine
vasopressin la 5 receptor. (AVPR1a) gene and autism.in g family-base dy; mediation b
socializatf@ﬁ}&ﬁlggfqﬁﬂ%h&g%;%%n%s Erla IBACE "{/%%tggr%%abﬁﬁl\?\fa?sr %ﬁhs%?g?ﬁgﬁgeoégz?égon in
human mégeep{arain sdesn laphfaedon) obey cHIFINGERYSIThGIBGYITY, Sl THEietéteerdy
vasopressifiked dmaccfaciahiasponses telatedtacsacidcbmmunicatierttanth vasoprepsilevels were
found to heelgvated;in,schizophrenie patients (Raskindeatiah t18Lh BiohRSYRRIAYpAZsA5R62, 10

"Antipgychotic dr lasma vasopressin jn nprmals.and, acute schizophreni tients;;).and
patients v&ﬁﬁegtﬁézg‘g\l?g—?&?rﬁ%ﬁs"ﬁt\lfgadll%%%lé}a(i\a} eﬁ[%% 3??%9@551.1 r%‘hgcgesﬁc ?fgl ?éjtg(%)l 6}9 20,
"Abnormaiesarrk e ranis TN iy EsopresiinetasBaNT Gt OPIH TR AATBE TAiCtb i s derRER AfCs
obsessivaTainiputsive disqroet)) Pidbeureaepioirislagso 1hetliathg The eBediovéisesbarestiects of
vas?preiﬂ%gntl@gcmgi& gx(pgg%a'% E%%i%ﬁ}&%l%&%%ﬁ@;%&@%%}i&gﬁﬂdr@&am&@ galitany tract
nucleus (Michelini gn rris . Ann ad Sci. - n NOUS,Vasopressin
modulate ‘fh%leé’ﬂ%ao%ﬁ%ﬁ?p rgﬁf)ng%%epései%%é%%d).% 'e%%e%r? he#ﬁt%r?&‘f?ggqsqhugzécﬁt%éé%bn of
vascifar SHaoRYERGEEIS518H anchPHSTRAHRSTBGHS BT Mha8rmate sah R ifpaver s Riisamit and
parametefsiirrinyocaidialsiifarcteshrads (i darckhoven, @tadl ((20D2\ e CdPhaunacyl. 449; 135-41,
20 "Chrorig vagopiessiney (1AOuL ek (2 (@gsaﬁ{%Eaa@meﬂmtﬁrﬁxef@z@mg%m@c}%mnically

infarcted rats"). Hence, Via ar&tagonlsts with improved penetration through the blood-brain barrier are
expected? ¥e'of g&\?ﬁjﬁ?ﬁgee. PORYa sopressin Via receptor antagonist was shown to be effective in
reducing dysmenorrhea in the clinic (Brouard, et al. (2000). Bj '#{FO?’ 614-9, "Effect.of SR49059, an
25 orally active VVASDITREEEH toakBBEARRotRE %V@Sﬁ#j??e S S dPSRRERSIHBA™, Vi receptor
antagdnishy kesralborbedntingpilcatbrrtsthie arsataseintst feihaleobistydrasy shhetiorViahglHibmndet al.
(2008). Bnidrharmeos)!. sei: 1. 303Gkjps200825398Pharmaaategicak prafiingssiineuapeptides on

rabbit vagjnalwall and @%}%9@& %SO MUSEISIAMLY ) INALECER S MR B2CERIAar
antagonists were suggested to have a t erap?%%l g‘ie In both erectile 39\@%\(5 unction and ’Eggemature
of. [

ejaculationPEIPERUSTS ¥b R ET FBRLIMA 2 {9 PR R AN B EE MR CHORS within
rat and rabbitngfecdito fyftssed saare Mredisrsd sy saseprbsGROV L Ry d cBimBrawhd 448t dRytdin
recep.ig_rS")Cﬁ@tﬁitofzil@@JiﬂyﬁﬂtiWIA) bhienpresent |m¢epﬁ:mnai&b@t@ﬁ~m prevents heart failure in
heterobiaryl:eyclafexykiriraazabenzalelazyenas Whith33 AN Iad seaRiRkmodatarsnd in

particular as Via receptor antagonls.tsd th%r lj%l]%?ufacture, pharmaceutical compositions containing
them and PHRAF LU LRAHEHREE HERTHLCC. . K€% The present disclosure provides compounds of

formula | useful for acting peripherally and centrally in the conditions of dysmengrrhea, male, or female

sexual dysfunctiéh, YiBEIEHGION | et MedtRgRORE, AP pHEPYRd ST iBRCEY ¢ alboredsiR iver
cirrhosis, rdgpheotictsynirdme;lanxiGyodepres sive 20idrddies. oS dsive cOMppgisiVeSHidder 2autistic

spectsam digaydaigvsahizophipiiasiandApaiessive-hehayiahe Dpactigolanftagsprassriedisclusure
relates to gc%@ﬂ?gru Qrgtzsig%glgglglwgg lﬁélghl%&iniﬁﬁ'ﬁ%eanﬂ R %f@aéﬁeq?%?rﬂ%ﬁﬁl@ Q%Eindygﬁmction
(Aughton, et al. (2008). Br J Pharmacol. doi:10.1038/bjp.2008.253, "Pharmacological profiling
of neuropeptides on rabbit vaginal wall and vaginal artery smooth muscle in vitro"). In a recent
study Vla receptor antagonists were suggested to have a therapeutic role in both erectile
30 dysfunction and premature ejaculation (Gupta, et al. (2008). Br J Pharmacol. 155, 118-26,
"Oxytocin-induced contractions within rat and rabbit ejaculatory tissues are mediated by

vasopressin V(1A) receptors and not oxytocin receptors”).

Field of the invention

The present invention relates to heterobiaryl-cyclohexyl-tetraazabenzole]azulenes, which
35 actas Vla receptor modulators, and in particular as Vla receptor antagonists, their manufacture,

pharmaceutical compositions containing them and their use as medicaments.



In a first aspect, there is provided a compound of the fonnula | wherein R1 is selected from the group
consisting of i) H, ii) unsubstituted or substituted by 1 to 5 substituents individually selected from the
group consisting of OH, halogen, cyano and C14-glkoxY, iii) -S(0)2-C1.5-alkyl, wherein the C1_6-alkyl
is unsubstituted or substituted by 1 to 5 substituents individually selected from the _group consisting of
OH, halogen, cyano and Cm-alkoxy, iv) -C(0)-C15-alkyl, wherein the C1"5-alkyl is unsubstituted or
substitutebiaynirto 5 substituents individually selected from the group consisting of OH, halogen,
cyano and C1.6-alkoxy, v) -C(0)0-C1,5-alkyl, wherein the C1.5-alkyl is unsubstituted or substituted by
1 to 5 substituernts inelisicdialyssel@cteideframithendr ofifproomsistinfy FhQ it aksgberabyaitb and
Ci-alkogy, yy oyslopliod maulbstimigsharauRstintad by Lins subsiituentsdadividyalivasiegted from

the group consisting of OH, halogen,, c¥ano, tcltl,s%alk | and ClﬁSéaI(i:c%OSiSvllrze-%(Q?%H%CL%NRIRii,
wherein 1016 PTR 2R BN IRERTAUSTR SRIRCtEa Fom: the group consisting o _n%r 6-alkyl,
or Ri andfioriatjogéthressivith theriarogeRssichPIRRY EiE afiserisa a28t8c7 SPRgRBerdd W &StSrocyclyl
comprisingipngeeinoReteroainmes hagividually selected from N, 0 and S, and which heterocyclyl is
unsubstituted or substituted by Ito 5 3b substituents individually selected from the group consisting of
oxo, halogen, CifsatkeiANdGle R1lKON Y R a(S eI \Whekginia 1is 1, 2 or 3, and R™ is each
individually selected from the group consisting of H and C1,6-alkyl, or-RI' and R™ form together with
the nitrogen to which they are attached a 3- to 7- membegred heterocyclyl comprising one or two
heteroatoms individually selected from N, 0 and S, and which heterocyclyl is unsubstituted or
substituted by 1 to 5 substituents individually; selected the group consisting of oxo, halogen, C16-
10alkyl and C1,6-alkoxy, and ix) -C(O)(CHZI)%- Wherein

wherein R!, R? and R® are as described in herein.



bl -

sis 1, 2 or 3, R" and le is each individually selected from the group consisting of H and C1.6-alkyl, or
R" and le form together with the nitrogen to which they are attached a 3- to 7- 15 membered
heterocyclyl comprising one or two heteroatoms gadividually selected from N, 0 and S. and which
heterocyclyl is unsubstituted or substituted by 1 to 5 substituents individually selected from the group
consisting of oxo, halogen, C16-alkyl and C1,6-allcoxy; R2 is halogen; 20 1(3 is heterobiaryl,
unsubstituted or substituted by 1-5 substituents individually selected from the group consisting of OH,
halogen, cyano, C1.6-alkoxy, halogen-C1.6-alkyl, halogen-Ch 6-alkoxy and hydroxy-C1_6-alkyl; or a
pharmaceuticallyfagceepiaie:satpbeizof c3apoundrpatisetandalspect, there is provided a process for
the preparation of the compound of formula as defined above, comprising the step of reacting a
compound of formula Il 3 ith a compound of formula Il #3 obtain a compound of formula | wherein

12.1, R2 and R3 are as defined above. In a third aspikct, there is provided a compound formula I,
whenever obtainable by the process as de gmed above In a fourth aspect, there is provided a
compound of formula | as defined above fo herapeutically active substance. In a fifth

aspect, there is provided a compound of formu
treatment of dysmenorrhea, male or female sex unHtlon hypertension, chronic heart failure,
inappropriate secretion of vasopressin, liver cirrh eﬁhrotlc syndrome, anxiety, depressive
disorders, obsessive compulsive disorder, autisti¢ spectrum disorders, schizophrenia, and aggressive
behavior. In a sixth aspect, there is providet a pharmacedutical composition comprising a
compound of formula | as defined above. In a seventh aspect, there is provided a pharmaceutical
composition asygdefiped above, wherein it is useful for the prevention or treatment of dysmenorrhea,
male or female sexual dysfunction, hypertension, chronic heart failure, inappropriate secretion of
vasopresgin;glivgr iy Ro3ISHoephpiGsyRIoRe, anxiety, depressive disorders, obsessive compulsive
disorder, autistic spectrum disorders, schizéphrenia, and aggressive behavior. In an eighth aspect,
there'is provided thg use of a compound of formula | as defined above for the preparation of a
medicament for the prevention or treatment of dysmenorrhea, male or female sexual dysfunction,
hypertension, chroni¢ heart fallur ina r|a sec n_of vasopressin, liver cirrhosis, nephrotic
sillﬁdrome ant ty, §é}5 Vgrg%osﬁgg%g gﬁ%t% ﬂ%&léﬂ/ g H‘é‘?‘“gdﬁgﬁ‘é‘% i eorders,
‘schizophrenia, and ZggrésSiveabeprRisong Sﬂ@étéﬁmm%ﬁmgﬂd@m@kWQntlon

defined above for a use in the prevention or

iii) -S{0);-Cy.e-alkyl, wherein the Cig-alkyl is unsubstituted or substituted by 1 to 5
substituents individually selected from the group consisting of OH, halogen, cyano
and Cy.¢-alkoxy,

iv) -C(O)-Cig-alkyl, wherein the Cig-alkyl is unsubstituted or substituted by 1 1o 5
substituents individually selected from the group cOnsisting of OH, halogen, cyano
and Cy.g-alkoxy, '

v)  -C(O)O-Cig-alkyl, wherein the Cig-alkyl is unsubstituted or substituted by 1 to 5
substituents individually selected from the group consisting of OH, halogen, cyano
and Cy¢-alkoxy,;

vi) cycloalkyl, unsubstituted or substituted by 1 to 5 substituents individually selected
from the group consisting of OH, halegen, cyano, Cy.¢-alky! and C; ¢-alkoxy,

vit) -S(0),-(CH,)-NR'RY, wherein
gisOorl,

R' and R¥ is each individually selected from the group consisting of H and C, 4-alkyl,
or R' and R" form together with the nitrogen to which they are attached a 3- to 7-
membered heterocyclyl comprising one or two heteroatoms individually selected
from N, O and §, and which heterocyelyl is unsubstituted or substituted by 1to 5
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The present invention provides compounds which act as Via receptor modulators, and in particular as
Via receptor antagonists. It is a further object of the invention to provide selective inhibitors of the Via
receptor since it is expected that selectivity afford3ta low potential to cause unwanted off-target related
side effects such as discussed above. Such Via antagonists are useful as therapeutics acting
peripherally and centrally in the conditions of dysmenorrhea, male or female sexual dysfunction,
hypertension, chronisblétaehfailndeidapprefeiaie seatetion abvpsopressia, Hvveskeirmbsisnnephrotic
syndrome, anxiety, ggﬁr%{ygégﬁggggrs, obsessive compulsive disorder, autistic spectrum disorders,
schizophrenia, and aggressive behavior. Particular indications with regard to the present invention are
the treatment %.1 ng&g%)q%%ﬁeﬁsiv“%gg%rders, obsessive compulsive disorder, autistic spectrum
disorders, schizophrenia, and aggressive behavior. The Via activity can be detected as described in
the experimental section, The following definitions of the general terms used in the present
description apply ir%&e@tﬂf@of whether the terms in question appear alone or in combination. As
used herein, the terms "C1 _6-alkyl", alone or in combination with other groups, refers to a hydrocarbon
radicat that is Iinearf%rﬁi‘é%ﬁéé?‘iﬁiiﬁ%}ﬁ%‘?@”&ﬁﬁ’%ﬁﬁﬁﬁé@%ﬁ%ﬁi@%\ﬁ@ﬂ‘éﬁ%ﬁ@%ﬁ%&@&p%@ﬁiains 1
to 6 carbon atoms, forkekandpie’, foethyletthe), withyihE Hitprenylo isbprbpyt W attached a 3- to 7-
2011/134877P CTIERZARHARISLef(FIRUASBEOUN. (DN G R 30 i DL
ert-butyl) and the ljke. Particular grqups.are groups wi 0 4 carbon afoms. More partjcular
are methyl, ethyl antter -bl&fﬁl § %de‘?%‘?%'}&fi%g ﬁf@if',ugf&ﬁ’@t%‘ﬁtﬁﬁsc%ﬁﬁ Hitetwith other
groups, denotes a grogptuents Rdwiskedin Risstadk{icar dufigetnlyonsistogesbonysleegoxyiethoxy,
propegy, tert-butoxwiandktaedikealRarficar alkoxy groups are groups with 1 to 4 carbon atoms.
Particular is methoxy. The term "aryl" refers to an aromatic carbocyclic group containing 6 to 14,
particularly 6 t9;10, carhporaiomsand hayieg at least one aromatic ring or multiple condensed rings in
which at least one ring is aromatic. Examples include phenyl (Ph), benzyl, naphthyl, biphenyl, anthryl,
10 azalenyl or indanyl. f’@r&i[cgllar is phenyl.  The term "heteroaryl”, alone or in combination with
other groups, refers to a cyclic aromatic group having a single 5 to 6 membered ring and comprising 1,
2 or 3 heteroatoms, jn which group at least ane heterocyclic,ring is aromatic. The term "6- bered
AT Dot PG URGIE® FEBERed MG edintioi 1

" giected
heteroaryl" refers to'a monocycﬁlc aromatic grou  havi

2 or 3 15 heteroatoRfsBindepéndEnmy erskee dvito /o niragen N Phiteuhsy siryRitechedralbered’rings
havel or 2 N. Examplebdra udepavdinylcqmypricinbopysazinyl neysitaeiny| ibdiaaayliyoxaeimnd and the
ike. Particular singlg gmereperackiingdsavciiu-SRerl o SRmaIad eleioatl (s tiagned via

a carbon atom to the cyclohexyl-mqiety. Particular_is pyridin-3-yl. The term "5- mem eteroaryl"
refers to a monocycfﬂ{%ﬂmgtié"&%@ﬁ%ilgv &%@@?&%e%ﬁ%é&l}%f%oérﬂi‘ﬁom&%ﬁgcl*ﬁ’z or3
heteroatoms indepediddrity Selegleeiftom 0, S and N. Particular single 5 membered rings have 2 N or
1 0 and 1 N. Examples include thiazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl and the like.
Particularks istehzelyl. Specific "5-membered heteroaryl" are attached via a carbon atom to the
cyclohexyl moiety. Particular is isoxazol-3-yl. The term "heterobiaryl", alone or in combination with
othe%gromsraé&m@@@mﬁabgm&& hauiﬁg%dits} 4-@38%@&6%@r§@i@£@ﬁﬁﬁ§ifséiétﬂe@ﬁ?ﬁ%fﬁ@y 5t06
membere iG.ring, 0 c empered.aromatig ring, prefera to 6
membere g‘?ﬁ%ﬁ%gsﬁﬁg,ogw;ﬂ?ﬁ %r%g ‘?ﬂ%‘?\?&?ﬁi@%ﬁ]ﬁigngoﬁ HIEICE ne—tﬁe%_é%gﬁl’s%%a%%énﬁently
selected ok OSBRIP4 ficufikdre heterobiaryl wherein one ring is phenyl or pyridinyl. More
particular is heterobiaryl wherein one ring is phenyl. Examples of heterobiaryl include benzofuryl, 30
isobenzofuryl, MdoNsrisensHei beteeptiibpriereehzoimidazolyl, purinyl, indazolyl, benzoxazolyl,
benzoisoxazolyl, benzothiazolyl, benzotriazolyl, 1,3-dihydro-2-indoxyl, benzoisothiazolyl, chinolinyl,
chinoxalinyl, chinazolinyl, cinnolinyl, 4,5,6,7-tetrahydrobenzoisoxazolyl, isothiazolo[4,5-b]pyridinyl, and
the like. Particular are benzoisoxazolyl, 4,5,6,7-tetrahydro-benzoisoxazolyl, benzoisothiazol yl,
sothiazolo[5,4-b]pyridinyl, 35 isothiazolo[4.5-b]pyridinyl and isothiazolo[4,5-c]pyridinyl. Specific
"heterobiaryl" are attached via a carbon atom to the cyclohexyl moiety. Particular are
benzo[d]isoxazol-3-yl, isoxazolo14,5- blpyridin-3-yl, isoxazolo[5,4-171pyridin-3-yl,
benzo[d]isothiazol-3-yl, isothiazolo[4,5-b]pyridin- WO 2011/134877PCT/EP2011/056391 -5- 3-ylI,
4-isothiazolo[5,4-clpyridin-3-yl. More particular are benzo[d]isoxazol-3-yl, isoxazolo14.5- blpyridin-3-yl,
isothiazolo[4,5-b]pyridin-3-yl, The term "cycloalkyl" refers to a 3 to 8 membered carbon ring, for
example cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopheptyl or cyclooctyl. Particular are
cycloalkyl groups 5 having a 3, 4, 5 or 6 membered carbon ring. Particular is cyclobutyl.



The term "cyano" denotes the group -CN. The term %ydroxy" denotes the group -OH. The term "Boc"
denotes a group -C(0)0-tert-butyl (-C(0)0C(CHS3)3). term "S(0)2-Ci_6-alkyl" refers to an
"Cl6-alkyl" as defined herein linked via an - 10 S(0)2-.  The ter "C(0)-C1_6-alkyl" refers to an
"C]_6-alkyl" as defirexdtieropstifkedsprsided €pragess for tippreaitiioedjbecaeratryeroferdso an
"C-alkyl" ag gefired-bareininked Wasan o4l dadfatesntohalegen”, alone or in combination with
other groups, denotes chloro (ClI), iodo (), fluoro (F) and bromo (Br). Specific halogens are F and Cl,
particular is Cl.  The term "halogen-&& ky(" refers to a C1.6-alkyl group substituted by one or
multiple halogen, particular is fluoro-Ci_6alk example the following groups: CF3, CHF2, CH2F,
CH2CF3, CH2CH2CF3, CF3C14F2, and th 20Thd "hydroxy-C1_6-alkyl" refers to a
C1_6-alkyl group substituted by one or multiple hydrixy, for ékample the following groups: :
hydroxymethyl-. 2-hydroxyethyl-, 2-hydroxy-1- meth{-ethyl- or2-hydroxypropyl- and the like. The
term "cyano-C1_6-alkyl" refers to a C1.6-alkyl group substituted by one or multiple cyano, for example
the following groyps; ggm&gl&ylf@&gmqﬁoethyl-, 2-cyano- I-methyl-ethyl25 or 2-cyanopropyl- and
the like. The term "halogen-C1.6-alkoxy" refers to a C1_6-alkoxy group substituted by one or
multiple halogen, particular fluoro, i.e. "fluoro-C1.6alkgxy",Sor example the following groups: F-Cl12-0-.
The term "heterocyclyl"” refers to a 3 to 7-mepre icri
heteroatom, such as N, 0 or 5, the number of dms beig 0O, 1, 2 or 3 and the number of 0 and S
atoms each being 0, 1 or 2. Examples ofg1e 0dps include pyrrolidinyl, WO
2011/134877PCT/EP2011/056391 -6- tetrahydrofuryl tetrahydrothienyl, tetrahydropyridinyl,
tetrahydropyryl, azetidinyl, thiazolidinyl, oxazolidinyl, piperidid§ll, morpholinyl, thiomorpholinyl,
piperazinyl, azepanyl, diazepanyl, oxazepanyl and the like. The term "optionally substituted"” refers to
an Ca_alkyl or @ietatiyt gronpiwinichroads beSnib&fianed orsubstindéebbyel to 4 substituents
individually selected from the group consisting of OH, halogen, cyano, halogen-C1_6-alkoxy and
C1_6-alkoxy; or a EytBafidPerotsanipieds Bé%ﬁ@ﬂ%fﬁﬂf@@éﬂ’é&?@%ﬂm@@ibﬂ@ b thesprbrstituents
individually seteitedHem the group consisting of Oa halogen, cyano, C1_6-alkyl, halogen-C1_6-alkyl,
halogen-C1_6-alkgxy and,Cl,65alkexs TS RN RNRMACSHISAl,ACCeRIAbIe salts'Tefers, fo salts

that are suitable for use In
therapeutically active substance.

In a fifth aspect, there is provided a compound of formuta I as defined above for a use in the
prevention or treatment of dysmenorrhea, male or female sexual dysfunction, hypertension, chronic
heart failure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome, anxiety,
depressive disorders, obsessive compulsive disorder, autistic spectrum disorders, schizophrenia, and
aggressive behavior.

In a sixth aspect, there is provided a pharmaceutical composition comprising a compound of
formula I as defined above.

In a seventh aspect, there is provided a pharmaceutical composition as defined above,
wherein it is useful for the prevention or treatment of dysmenorrhes, male or female sexual
dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver cirrhosis,
nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum
disorders, schizophrenia, and aggressive behavior,

In an eighth aspect, there is provided the use of a compound of formula I as defined above for
the preparation of a medicament for the prevention or treatment of dysmenorthea, male or female
sexual dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver
cirrhosis, nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder, autistic

spectrum disorders, schizophrenia, and aggressive behavior.



10 contact with the tissues of humans and animals without undue toxicity, irritation, allergic response,
and the like. Examples of suitable salts with inorgapjc and organic acids are, but are not limited to,
hydrochloric acid, nitric acid, sulphuric acid, phosphoric acid, sulphuric acid, citric acid, formic acid,
fumaric acid, maleic acid, lactic acid, malic acid, acetic acid, succinic acid, tartaric acid,
methane-sulfonic acid, p-toluenesulphonic acid, trifluoroacetic acid and the 15 like. Specific is
hydrochlgric ¢ "Rharmaceutically acceptable carrier" and "pharmaceutically
petatled.de tion of the ipveption . o :
acceptal HBSta o-carriers and auxiliary substances such as diluents or
excipients that are compatible with the other ingredients of the formulation. The term "pharmaceutical
composition” elE6HRAEYL WIHGH A Lo SPRIRY ERe iftieh 26tiAY reiSHRePIR S BA A B mounts
or proporntiois)lasaydll aseaentproviagtitsit fesursndirertpiortinditeciiychiom tombiniagdpabified
ingredients,imispesiiige Amauais:oP sicularlyibenconassRs R RFMeE COMMising O OEMmere active
ingredients, and an-optional GerkiercomRIISinG, Nek lGIeieRts,as well as any product that resdlts,
directly or méxllrect?y,‘ rom combination, complexation or aggregation of any two or more of the
ingredients, or fro dissociation of one.qr mgre of the ingredients, or from other s.of reactions
o nterations PR 3F ARE DR e L e D et A A T oA e A o i e
compete§tiorsdefc 83 HrepraTsRtSTIRE 1M iFyst aepaticURiENeA Ty praeRiits: deepongvhich
reduces tiijareyeénispierintibitartafithd funotiorssbl.a lpanticitdroproterphfhie teymirtad, meaxdmal
inhibitory goncentrationi{lCa0)denoiesthecrneenttation at & 3pLatisUabcRR P serkied for
obtaining ?ﬁ%clnnhlb.ltlogég a.biol %all‘pi?:ocgss n 1_\l/sltro. L{1C5C()T V IL{estcan be ctonvert(tad Iozgarv hmically
to pIC50 TERSY 1505 I whieh TigheT VaTUes |n‘gllpatée%?rponoenl}‘l‘:’al%r/eé?réafg?’%‘o]t%%cy? e IC50
~ value is ritseERCRbSH |G iPATu SleRIEHBSe AESTOf xR IB VBRI ith S Y Ho ritEatatiBpRB M ployed.
The IC50iuakdercaatisopbraneiieddamreabsotatevidibition constant (Ki) using the Cheng-Prusoff
equation (Biochem. Pharmacol. (1973) 35 22:3099). The term "inhibition constant” (Ki) denotes the
absolute bindingwffinitysefi & Rariculalcphikitar dosarieeepidhe lEigdmeastes:using competition binding
assays and is equal to WO 2011/134877PCT/EP2011/056391 -7- the concentration where the
particular inhibitgswesishaae Uy R OTihe secartars i crraPaling:ligrod (Qisk-apagioligayd) was
“present. Ki valuctas can lﬁ% tﬁ;tgp%%r%%gso%arghm(i)%agl Io alfé va(l)l%els éélrggiKi?i’oir? which higher values
indicate e}“&rﬁ?ﬁgﬁﬁ%ﬁy \érea er potency. d &f‘ﬁe t as defined herein™and "as described herein”
when referring to a variable 5 incorporates by reference the broad. définition of the variable as well as
preferred, more‘?)srélfé’égarﬁ’ﬁ‘d "ﬁ'fb fe i’Fé%la'Zﬂnéﬁ%}?s?ﬁflgr?%%glwlfewg}éO‘ Eathig > itacting”
and "readtindtydierr befeitiieptdhat dh Ensie it rematbelnveidh singlaingro iilkikguaiong: risreirdbgents
under apprepriateconditions to pracucerthesntdicatethsioginsttys @esiret e etoll ghsudopel
appreciated that the reaction which produces 10 the indicated and/or the desired product may not -
necessarily result directly from the combination of two reagents which were initially added, i.e., there
may be one or more intermediates which are produced in the mixture which ultimately leads to the
formation of the indicated and/or the desired product. The term "aromatic" denotes the
conventional idea of aromaticity as defined in the 15 literature, in particular in RIPAC - Compendium of
Chemical Terminology, 2nd, A. D. McNaught & A. Wilkinson (Eds). Blackwell Scientific Publications,
Oxford (1997). "Therapeutically effective amount” means an amount that is effective to prevent,
alleviate or ameliorate symptoms of disease or prolong the survival of the subject being treated. The
following table lists abbreviations used within the present document.




(BOC)20di-ten-butyl pyrocarbonate (COC1)2oxalyl (di)chloride AcO1-1acetic acid
CH2C12dichloromethane ((CH3)3CCO)20trimethylacetic anhydride CuClcopper(l) chloride

DNB'dimethylfonnamide DMAP4-(dimethylamino)-pyridine DMSOdimeth '
(dppf)/PdC1 ?i%lﬂféﬁlbhenylphosphmo)ferrocen&a] dich oropalladlum(?# LJI':JJg‘%‘gﬁﬁtﬁy?ggn}d|am|n
tetraacetate EtN3uiethylarnine WO 2011/134877PCT/EP2011/056391 -8- EtOAcethyl acetate

EtOHethapol 2- nzotrja 3-tet [0 T

rexaiuor RO o MEP S D %ﬁ%ﬁé’ﬂ T e g e ke

HE-pyridiReisyH el desmps ride FIo0W MK 28 A 48BR HRmscilylore particular are methyl, cthyl
and tert-butyl.

The term “Cj¢-alkoxy”, alone or in combination with other groups, denotes a group -0O-
5 R’ wherein R’ is alkyl as defined above, for example methoxy, ethoxy, propoxy, feri-butoxy and
the like. Particular alkoxy groups are groups with 1 to 4 carbon atoms. Particular is methoxy.

The term “aryl” refers to an aromatic carbocyclic group containing 6 to 14, particularly 6
to 10, carbon atoms and having at least one aromatic ring or multiple condensed rings in which
at least one ring s aromatic. Examples include phenyl (Ph), benzyl, naphthyl, biphenyl, anthryl,

10 azalenyl or indanyl. Particular is phenyl.

The term "heteroaryl”, alone or in combination with other groups, refers to a cyclic
aromatic group having a single 5 to 6 membered ring and comprising 1, 2 or 3 heteroatoms, in
which group at Jeast one heterocyclic ring is aromatic. The term "6-membered heteroaryl” refers
to a monocyclic aromatic group having a single 6 membered ring, and comprising 1, 2 or 3

15 heteroatoms independently selected from O, S and N. Particular single 6 membered rings have 1
or 2 N. Examples include pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, thiazinyl, oxazinyl and
the like. Particular single 6 membered ring is pyridinyl. Specific "6-membered heteroaryl” are
attached via a carbon atom to the cyclohexyl-moiety. Particular is pyridin-3-yl. The term "5-
membered heteroaryl” refers to a monocyclic aromatic group having a single 5 membered ring,

20  and comprising 1, 2 or 3 heteroatoms independently selected from O, S and N. Particular single
5 membered rings have 2 N or 1 O and 1 N, Examples include thiazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, thiadiazolyl and the like. Particular is isoxazolyl. Specific "3-membered heteroaryl”

are attached via a carbon atom to the cyclohexyl moiety. Particular is isoxazol-3-yl.

The term "heterobiaryl”, alone or in combination with other groups, refers to a cyclic group

25 having a first 4 to 8 membered aromatic ring, preferably 5 to 6 membered aromatic ring,
condensed to a second 4 to 8 membered aromatic ring, preferably 5 to 6 membered aromatic
ring, and each ring individually comprising 1, 2 or 3 heteroatoms independently selected from O,

S and N. Particular are heterobiaryl wherein one ring is phenyl or pyridinyl. More particular is
heterobiaryl wherein one ring is phenyl. Examples of heterobiaryl include benzofuryl,

30 isobenzofuryl, indolyl, iscindolyl, benzothiophenyl, benzoimidazolyl, purinyl, indazolyl,
benzoxazolyl, benzoisoxazolyl, benzothiazolyl, benzotriazolyl,  1,3-dihydro-2-indoxyl,
benzoisothiazolyl, chinolinyl, chinoxalinyl, chinazolinyl, cinnolinyl, 4,5,6,7-tetrahydro-
benzoisoxazolyl, isothiazolo[4,5-blpyridinyl, and the like. Particular are benzoisoxazolyl,
4,5,6,7-tetrahydro-benzoisoxazolyl, benzoisothiazolyl, isothiazolo[5,4-b]pyridinyl,

35 isothiazolo[4,5-b]pyridinyl and isothiazolo[4,5-c]pyridinyl. Specific "heterobiaryl” are attached
via a carbon atom to the cyclohexyl moiety. Particular are benzo[d}isoxazol-3-yl, isoxazolo[4,5-

blpyridin-3-yl, isoxazolo[5,4-b]pyridin-3-yl, benzo[d]isothiazol-3-yl, isothiazolo[4,5-b]pyridin-



11PEChigh performance liquid crystallography KEIF2potassium bifluoride K3PO4potassium
phosphate Lawesson's reagent 2,4-bis-(4-methoxypheny1)-13,2,4-di iadiphosphetane-2,4-disulfide
McOHmethanol MSmass spectroscopy Na2CO3sodium carbonate NaNO2sodium nitrite NaOEtsodium
ethoxide Na@ﬁ%gjwﬁﬁﬁdroxide n-BuOHN-butanakNMRnuclear magneti}c):crjéfggﬁlg%)é%”l
PdC12palladium dichloride Pd(OAc)2palladium acetate

Pd(PPh)3tetrakis(triphe osphi lladi 0) POCI3phosph laride .PtO2plati id
e sy IO o als R st e idapfnu ocde

2011/1348IPyRAT/EPR GrioEedd o mTideRbvEtsEhiaMdeptis N int?dse chain reaction

The term “cycloalkyl” refers to a 3 to 8 membered carbon ring, for example cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclopheptyl or cyclooctyl. Particular are cycloalkyl groups
5 having a 3, 4, 5 or 6 membered carbon ring. Particular is cyclobutyl.

The term “cyano” denotes the group —~CN,
The term “hydroxy” denotes the group —OH.
The term “Boc” denotes a group —~C(O)O-tert-butyl (<C(OYOC(CHz)z).

The term “S(0),-Cj¢-alkyl” refers to an “Cy¢-alkyl” as defined herein linked via an -
10 S(O)y-.

The term “C(O)-Cys-alkyl” refers to an “Cj¢-alkyl” as defined herein linked via an -
CE=0)-

The term “C{OYO-Cg-alkyl” refers to an “C;¢-alkyl” as defined herein linked via an -
C=050-.

15 The term "halogen", alone or in combination with other groups, denotes chloro (C1), iodo
(I), fluore (F) and bromo {Br). Specific halogens are F and CL, particular is CL

The term “halogen-C; ¢-alkyl” refers to a Cy¢-alkyl group substimted by one or multiple
halogen, particular is fluoro-Cysalkyl, for example the following groups: CF;, CHE,, CH,F,
CH,CF;, CH-CH,CE;, CF,CHF;, and the like.

20 The term “hydroxy-C;.¢-alkyl” refers to a C4-alkyl group substituted by one or multiple
hydroxy, for example the following groups: hydroxymethyl-, 2-hydroxyethyl-, 2-hydroxy-1-
methyl-ethyl- or 2-hydroxypropyl- and the like.

The term *“cyano-C;¢-alkyl” refers to a Cpe-alkyl group substituted by one or multiple
cyano, for example the following groups: cyanomethyl-, 2-cyanoethyl-, 2-cyano- I-methyl-ethyl-
25 or 2-cyanopropyl- and the like.

The term “halogen-Cj¢-alkoxy” refers to a Cpg-alkoxy group substituted by one or
multiple halogen, particular fluoro, i.e. “fluore-Cy.galkoxy”, for example the following groups:
F-CIH;-O-.

The term “heterocyclyl” refers to a 3 to 7-membered heterocyclic ring containing at Jeast
30 one heteroatom, such as N, O or 8, the number of N atoms being 0}, 1, 2 or 3 and the number of

O and S atoms each being 0, 1 or 2. Examples of heterocyclyl groups include pyrrolidinyl,



SOC12thionyl chloride t-BuOKpotassium-tert-butoxide 'FEWtetrahydrofunran
TrisTris(hydroxymethyl)-aminomethane ZnBr2zinc bromide Table 1: abbreviations The invention
also provides pharmaceutical compositions, methods of using, and methods of preparing the
aforementiorttl BMPatHds. While the present inveption has been descriB‘éWﬁ%ﬁ’Fé%Pﬁﬁce to the
specific embodiments 5 thereof, it should be understood by those skilled in the art that various

h be made and equivalent bstituted without departing from the. true spirit and
Coope of HERUARISN: 1§ AUUHIGHT FRA) RGN Ll 98 WAGED At A Bhretfoh SRdion,

material, conapbditigh pfreridier]proctdslisidcabipsterivt kidpspigs thidobjet e spirit gAtrsedpe of the
present invantipimyiingueb medifications are intended to be within the scope of the claims 10
appended hereto. All separate embodiments can be combined. The compounds of formula | can
contain asymmettic (arPORRKESy ACsardiaghsdbs: Riese T, axentiowinckyiesoall, sierepisamayic forms
of the LompanARAL O INE:L.PANg sas.alile gl slereaisomeh andhmiusRitigLeor, e
their individual optical isomers and mixtures thereof. A <]:1|t|ona1 asymmetric centérs can be present
dependingUpEnHegsaGHEE (HLO2EN A A% ST erd Pt hoREE B AR A AR tric
centre wilbindepeneéntyyretucd hwd opficabisomessahdiduninseledied thanalieafrthe possibkeoptical

isomers apciagigseameysin MXtunes At as rure M parir/beparifiedeamaauogsarexncluded within
this invention. The present invention is meant to comprehend all such isomeric forms of these

compounds. Therjpdependent.syatheses abibgssidiastereomers Aathak£hienataskaphicseparations
can b 20 acevec agnann i the an v Apropriaie magiticatan.of themethadalogy digiased
hereif, THEF 3%5311&% g?er%%‘é emis rli/mcaan e de ermlned _yuf e x-ray crystgjlogr;ap y’o? crystalline
products 6PBRSEaIRRS edikseHraad \WnidiatablioriiEyEl, HHerus Y AHthia 84y 8fft SBhEining an
asymmetrigcénthediknowroaiisaluteidonfigiuratidn sifl glesice deirh garphwidtiaed, olithbBuconpdunds can

be separatgd sq {hathedndividuaharantiareirRredeoiaied. Ahe dnsenamativakan-e creigd out by
methods well known in tge arEhsuch as the co&lpli_%q of a ra emic miét%eﬂof comggundfggdag
A ;

. 1 ariaric acid, methane-sulionic act uenesu 1C ac HOroace ackh
enantioméfitall§ Biie E8mpBind to form a diastereomeric mixture, tollowed by separation o the

indiviftial thastersdinérd iy ethlsdisfithethods, such as fractional crystallization or chromatography.
WO 2034 77PCT/EP2011/056391 -10- This applies in particular to the aryl-head group LIG) of the
compounds of foFhulinsarnbiyRRrHie accepipiiercimatieasdthbarbeicdions rersatablie
asymmetrig ¢aithp Rudtesmscane i 3ccauibs fnethektmpliseasyneiric ditdean atamspleisthoe
understoog that present iy aprighdnglides Al indddyal stgigeisomers of head groups and mixtures

thereof. In particular, these head groups HG are

The term "pharmaceutical composition” encompasses a product comprising specified

20 ingredients in pre-determined amounts or proportions, as well as any product that results, directly
or indirectly, from combining specified ingredients in specified amounts. Particularly it
encompasses a product comprising one or more active ingredients, and an optional carrier
comprising inert ingredients, as well as any product that results, directly or indirectly, from
combination, complexation or ag'gregation of any two or more of the ingredients, or from

25 dissociation of one or more of the ingredients, or from other types of reactions or interactions of
one or more of the ingredients. The term “inhibitor” denotes a compound which competes with,
reduces or prevents the binding of a particular ligand to particular receptor or which reduces or

prevents the inhibition of the function of a particular protein.

The term “half maximal inhibitory concentration™ (ICse) denotes the concentration of a

30 particular compound required for obtaining 50% inhibition of a biclogical process in vitro. ICsp
values can be converted logarithmically to pICsy values (—1dg 1Csp), in which higher values
indicate exponentially greater potency. The ICso value is not an absolute value but depends on
experimental conditions e.g. concentrations employed. The ICs, value can be converted to an
absolute inhibition constant (K1) using the Cheng-Prusoff equation {Biochem. Pharmacol. (1973)

35 22:3099). The term “inhibition constant” (Ki) denotes the absolute binding affinity of a

particular inhibitor to a receptor. It is measured using competition binding assays and is equal to



HG-1HG-2HG-3HG-4 cistrans It is further understood that all embodiments of the invention as
described herein can be 10 combined with each other. In detail, the present invention relates to
compounds of formula | wherein Rl is selected from the group consistin f 15H
2011/13487 X EPH11/056391 -11- H)-C]_6-alkyl, unsubstituted or subs |t‘3¥2%18°5fl3¥o 5
substituents individually selected from the group consisting of OH, halogen, cyano and C1_6-alkoxy,

i) -S(0)2-C1_6-alkyl, wherein the C1 6- alli lis substltu dor sub 1t053ub ityents
individual s%%eﬁr?réor%te}éeéero% nsis |er19 %#%ﬁ hal E?ien C SS[{I‘.l)and Tﬁgtors 2‘

-C(0)-C16:2RRGHNG s (e @&adeoaﬂm%wg‘%&ht&‘@%%@ﬁtme@%xﬁi% @%‘&P&%"t‘?ﬁﬁ

individuallyi&elgetad-frerRihéngraiyh bansistiulgesitiidsthalggemitybngrand Gitdalkoxy, V)
-C(0)0-Ci_6-alkyl, wherein the C1_6-allcyl is unsubstituted or substituted by 1 to 5 10substituents

individually selegteg:fiomatha-gieudp eessisting ohOktsbatogensreyeneiand SleGralkexy; virieycoalkyl,

unsub tit f
i halog B B3 N o P 1

Rl and RATS lﬁﬁgﬁfﬁﬁi’\?ﬁﬁwgﬁaﬁgc?w om the group consisting of H and C1_6-alkyl, or R' and 1211
form together with the nitrogen to which they are attached a 3- to 7- membered heteroc yclyl.

comprising onel8F ({1 et&HAI8 ms SARRTHOSI AL Id&tsti TRont R o it ias Ahd \R)Fﬁgﬂcﬁ]efg?%%lyl is
unsubstitutedner sidbstititedibipg to® @0suivstitermatssindidid ipibycselelctedidomnh éogpouyeoiisisting of

0X0, haloggMeLedt and/or the desired product. Tt should be appreciated that the reaction which produces
10 the indicated and/or the desired product may not necessarily result directly from the combination
of two reagents which were initially added, i.e., there may be one or more intermediates which
are produced in the mixture which ultimately leads to the formation of the indicated and/or the
desired product,

The term “aromatic” denotes the conventional idea of aromaticity as defined in the
15 [Hterature, in particular in IUPAC - Compendium of Chemical Terminology, 2nd, A. D.
McNaught & A. Wilkinson (Eds). Blackwell Scientific Publications, Oxford (1997).

“Therapeutically effective amount” means an amount that is effective to prevent, alleviate

or ameliorate symptoms of disease or prolong the survival of the subject being treated.

The following table lists abbreviations used within the present document.

(BOC):0 di-feri-butyl pyrocarbonate
(COCl), oxalyl {di)chloride

AcOH acetic acid

CH.ClL dichloromethane

{{CH;3):CCO)0 trimethylacetic anhydride

CuCl copper(I) chloride

DMF dimethylformamide

DMAFP 4-(dimethylamino)-pyridine

DMSO dimethylsulfoxide

(dppf)y/PdCl; [1,1-Bis(diphenylphosphino)ferrocene] dichloropalladium(II).
EDTA ethylendiamin tetraacetate

FiN; triethylamine



alkyl and C1.6-alkoxy, viii) -(CH2),--NRIiliRiv, wherein ris 1,2 or 3, Wu and RI" is each individually
selected from the group consisting of H and C1.6-alkyl, 25 or and RI" form together with the nitrogen
to which they are attached a 3- to 7- membered heterocyclyl comprising o eteroatoms
individually s@@&'f’éa’ K8 N, 0 and S. and which heferocyclyl is unsubstitl};t}éQT ggggb%ﬁf%tied by 1to5
substituents individually selected from the group consisting of oxo, halogen, C16-alkyl and
C1_6-alkoxy, and 30ix) -C(0)(CH2),-Nlelei, wherein sis 1,2 or 3, WO
2011/13487PET/EP2011/056891 2%2!Be and lei is each individually selected from the group

consisting ﬂ‘d—ll and Cl_6-alky(|3,_ornloel and le form together with the nitrogen to which they are attached
a3-to 7- mem%ered heterocycwi comprising one or two heteroatoms individually selected from N, O
and S. and which heterocyclylis uassbstissied ek ssbstitaiedioy o mbapstivenis individually
selected frbiY the group consigiirgrebaxmdsgtagen, C15- alkyl and Ci_6-alkoxy; R2 is halogen; R3is
heterobiaryl, unsubstituted or substituted by 1-5 substituents individually selected from the group
consisting BEDES, halogen, cyér{é;@-IQGIQXWF?@I.G%H%@%V}%hf‘é@%’ﬁ%ﬁé@ﬁl@ﬁ halogen-C1_ 10
6-alkoxy and hydroxy-C1_6-alkyl; or a pharmaceutically acceptable salt thereof. A certain
embodimeFEoPYHE vention rédaLed¥ERMSEaRd of formula la, la, wherein 15 Rl is selected from

the group (E%rajsisting of )El,

waler

H,S0. sulphuric acid

HPLC high performance liquid crystallography
KHF; potassium bifluoride

K5PO, potassium phosphate

Lawesson’s reagent

2,4~bis~(4—methoxypheny1)w1‘,3",2,4—diihiadiphosphetane-z,ﬁl—disulﬁde

MeOH methanol
MS mass spectroscopy
NapCOs sodium carbonate
NaNO; sodivm nitrite
NaOEt sodium ethoxide
NaOH sodium hydroxide
n-BuOH n-butanol
NMR nuclear magnetic resonance
PdCl, palladium dichloride
P&(()Ac)g palladinm acetate
Pd(PPh); tetrakis(triphenylphosphine)palladium(0)
POCls phosphorus oxychloride
PtO; platinum oxide
(PPh); triphenylphosphine
RNA ribonucleic acid
RT room temperature



i) unsubstituted or substituted by 1 to 5 substituents individually selected from the group consisting of
OFT, halogen, cyano and C1.6-alkoxy, iii) -S(0)2-C1-6-alkyl, wherein the C1_6-alkyl is unsubstituted
or substituted by 1 to 5 20substituents individually selected from the grou ISt H, halogen,
cyano and (f‘;’f%-zgﬂé%ﬁv) -C(0)-Ci_6-alkyl, wherejn the Ct_6-alkyl is unsﬁcﬁﬁ%ﬁtﬁe{(}:{%@gﬁbstituted by
1 to 5 substituents individually selected from the group consisting of OH, halogen, cyano and
C1.6-alkoxy, WO 2011/134877PCT/EP2011[0563?1 -13-v -C(OQO-Cl 6-alkyl, wherein the
C1_6-alky L-B&ibstituted or EYBSHLRE I 18 LR ERIE (581 Tally selected from the group

consisting %8‘2 halogen, Cyﬁ]@% nqggr‘%é%-alkoxy; vi) cycloalkyl, unsubstituted or substituted by 1
: ected

to 5 substituents individually se rom the group consisting of OH, halogen, cyano, C1_6-alkyl

and C6-alkgyynyii) S(O)Z-(CH%}%NB}{}%Q@&;}@&S 0 or 1, Ri and RH is each individually selected
from the group consisting of and Ci_6-alkyl, or Ri and RH form together with the nitrogen to which they
are attachaura 3- to 7- 10 memberadhéterocyclyi comprising one or two heteroatoms individually
selected from N, 0 and S, and which heterocyclyl is unsubstituted or substituted by 1 to 5 substituents
individuallyf'8elected from the @r@@éﬁﬁ@fﬂﬁé’@f%&@?ﬁ‘é@@%‘h, C1_6- alkyl and C1_6-alkoxy, viii)
-(CH2),-NRme, wherein 15ris 1, 2 or 3, Rffi and Riv is each individually selected from the group
consisting Gt¥I7and C1.6-alkyl”8f PF4HE Rni form together with the nitrogen to which they are

attached 33349 7smembgred heterocyclyl comprising one or two heteroatoms individually selected
from N, 0 and S, and which heterocyclyl is unsubstituted or substituted by 1 to 5 20substituents

individually selegted ﬁ%&%ﬁ GNP EONSIING £fAXLa A0SR G olkyhamd s 1o6-allinxy .and ix)

42(0)(C1-12),-Na", wherein s is 1,2°or 3, IV' and 1,2' is each individually selected from the group

consisting St Reda i PrERarky e B REHIGRGHRITIBIT S gether with the nitrogen to which they are

attached a 3- to 7- membered heterocyclyl comprisin% one or two heteroatoms lrildivilg#?%gn?elected
then

from N, 0 and &/ HlschEoREiBYSR{ER P BridtBeifohed B SHSIBEd 01 B a B o
individualseleécteshfndhtthengrostpoddmnsistisg sbflbXonthtoye thaCyagossieflaages can BedikeRyndyo
2011/ 134%@1713&&%@8@{9%@@5§t§aﬂedlﬂﬁh0ut departing from the true spirit and scope of the invention.
In addition, many modifications can be made to adapt a particular situ'ation, material,
composition of matter, process, process step or steps, to the objective spirit and scope of the
present invention. All such modifications are intended 1o be within the scope of the claims

10 appended hereto. All separate embodiments can be combined.

The compounds of formula T can contain asymmetric carbon atoms. Accordingly, the
present invention includes all stereoisomeric forms of the compounds of formula L, incloding
each of the individual stereoisomer and mixtures thereof, i.e. their individual optical isomers and
mixtures thereof. Additional asymmetric centers can be present depending upon the nature of the

15 various substituents on the molecule. Each such asymmetric centre will independently produce
two optical isomers and it is intended that ail of the possible optical isomers and diastereomers in
mixtures and as pure or partially purified compounds are included within this invention. The
present invention is meant to compiehend all such isomeric forms of these compounds. The
independent syntheses of these diastereomers or their chromatographic separations can be

20 achieved as known in the art by appropriate modification of the methodology disclosed herein.
Their absolute stereochemistry can be determined by the x-ray crystallography of crystalline
products or crystalline intermediates which are derivatized, if necessary, with a reagent
containing an asymmetric centre of known absolute configuration. If desired, racemic mixtures
of the compounds can be separated so that the individual enantiomers are isolated. The

25 separation can be carried out by methods well known in the art, such as the coupling of a racemic
mixture of compounds to an enantiomerically pure compound to form a diastereomeric mixture,
followed by separation of the individual diastereomers by standard methods, such as fractional
crystallization or chromatography.



R3 is heterobiaryl, unsubstituted or substituted by 1-5 substituents individually selected from the group
consisting of 01-1, halogen, cyano, C1_6-alkyl, C1_6-alkoxy, halogen-C6-alkyl, halogen-C1_ 6-alkoxy
and hydroxy-C 3 6-alkyl; or a pharmaceutically acceptable salt thereof. 5A certain embodiment of the
invention rel¥&HY ¥ &6 pound of formula |, wherejp_R1 is selected from thidGF3lP EdHElsting of H,
-C1_6-alkyl, iii) -S(0)2-C1_6-alkyl, 10iv) -C(0)0-C1_6-alkyl, v)cycloalkyl, vi) -(CI-12),-NR"lev, wherein r
is 1,2 or 3, RH and Riv is each individual y}g%ected from the group consisting of 14 and

C1 6-alkyh, 15arRPOIPENE) B P NB VAT SROISTH 1S F 3T e i R e oy
selected fremetlie group consisting of H and C1_6-alkyl. A certain embodiment of the invention
relates to a compound of formula 1, wherein Rl is 20, selected from the group consisting of It methyl,
cyclobutyl, methyl-2-ethylamine, 1-oxo-ethyl, 1-oxo&2-(dimethylarnino)-ethyl and methyl-sulfonyl. A
certain embodiment of the invention relates to a
the group consisting of -C1_6-alkyl, cycloalkyl,
-C(0)(ClI2)-N(C1-6-alkY1)2. 25A certain embodh
I, wherein R1 is selected from the group consisting of methyl, cyclobutyl, methyl-2-ethylamine and
1-oxo0-2-(dimethylamino)-ethyl. WO 2011/134877PCT/$2011/056391 -15- A certain embodiment of

the invention relates to a compound of formula I, wherein Rl is H.
wherein at least the carbon atoms 1 and 4 are asymmetric carbon atoms and R’ could

5 further comprise asymmetric carbon atoms, It is to be understood that present invention includes

all individual stercoisomers of head groups and mixtures thereof.

In particular, these head groups HG are

R3 . . RB R3 [_{3
4 4 4 4
1 1 i 1
N S
HG-1 HG-2 HG-3  HG-4
cis trans

It is further understood that all embodiments of the invention as described herein can be

10  combined with each other.

In detail, the present invention relates to compounds of formula 1

%
2
N N
N
R I
wherein

R is selected from the group consisting of

15 1) H,



A certain embodiment of the invention relates to a compound of formula I, wherein Rl is -C1.6-alkyl. 5A
certain embodiment of the invention relates to a compound of formula I, wherein RI is methyl. A
certain embodiment of the invention relates to a compound of formula |, wherein Rl is
-C(0)0-C1_64fkyfIA'é&¥tdin embodiment of the invention elates to a compéUEF & uPAicta 1, wherein
Rlis 10 Boc. A certain embodiment of he invention relates to a compound of formula I, wherein RI
is cycloalkyl. . A certain embodiment of e invention relates to a compound of formula I, wherein Rl is

cyclobutyl. 154 ertfirrefiBdaimenE BRIAS MVBRTOR RIS 5 2 OB B RABRLY, S5E%sin Riis
-(CF12),-NRiille, whiepetriheigroup congsting HilDEhdakiyeis egoly imdhiduallyoselected from the group
consisting of H and C1,6-alkyl. A certain embodiment of the invention relates to a compound of
formula I, wherigin 1-3303-(CEta):N@atky i P04 dkytain embodinent of thesiivedtion felatés to a

compound of formulgdstvhereim Rl igunethut2ieihsdamine eroupA SRt e londimant af the.fvention
relates to a compou&pﬂ%@‘ fqgﬂggla I, wherein Rl is -C (0)-Cl.5-afkyl. A certain embodiment of he

invention relates to a corﬁf)ouné%f formula I, wherein Rl is 25 1-oxo-ethyl. A certain embodiment of

the invention relates mpound qf formyla |..wherejn Rl is -C(0)(ClI2),-NR "Ryl, wherein s_is 1, 2
or3andR. an’cﬁe i'sézg%hﬁoﬁfﬁig\%aga}ﬁ}?%’@cﬁé% ?rb?‘ﬁﬁlil;’?é é?o‘ﬂfﬁucbgﬁéf(&f&n roflgs %eé\gli%]:l@ls A
certain embodimentBpifi@ateridoridebrestert ¢ dipolisceet i santEiog/we el Rpjazso cyano

-C(0)(CH2)-N(C3.6-alky1)2aiM¥6y.2011/134877PCT/EP2011/056391 -16- A certain embodiment of
the invention relates to a compound of formula 1, wherein Rl is 1-oxo-2-(dimethylamino)-ethyl. A

certain embodimentofdheigygatign relaiemtena comprynek of farestitadd wheidiniRlds by 1 o 5

“S(0)2;C1_6-alkyl. Séycartain.smbodimeptobihs BENTRD Fiales iR RGP ol form g Ay wherein
Rlis methyl-sulfony!i.nc1 Oy e-alkoxy:

vi) cycloalkyl, unsubstituted or substituted by.1 to 5 substituents individually selected
from the group consisting of OH, halogen, cvano, C;4-alkyl and C, ¢-alkoxy,

Vi) $(0)2-(CHy)-NR'RY, wherein
15 gisOor 1,

R’ and R” is each individually selected from the group consisting of H and C¢-alkyl,
or R* and R” form together with the nitrogen to which they are attached a 3- to 7-
membered heterocyclyl comprising one or two heteroatoms individually selected
from N, O and S, and which heterocyclyl is unsubstituted or substituted by 1 to 5

20 substituents individually selected from the group consisting of oxo, halogen, C¢
alkyl and C,.s-alkoxy,

viil) -(CHa)-NRMRY, wherein
ris i, 2 or3,

R'™ and R" is each individually selected from the group consisting of H and C;4-alkyl,

25 or R"™ and R" form together with the nitrogen to which they are attached a 3- to 7-
membered heterocyclyl comprising one or two heteroatoms individually selected
from N, O and S, and which heterocyclyl is unsubstituted or substituted by 1 to 5
substituents individually selected from the group consisting of oxo, halogen, Ci4-
alkyl and C, ¢-alkoxy, and

30 ix) —C(OYCH,),-NR'R", wherein

s18 1,2 or 3,



A certain embodiment of the invention relates to a compound of formula I, wherein R2 is chloro.
A certain embodiment of the invention relates to a compound of formula I, wherein 123 is 10
heterobiaryl, unsubstituted or substituted by 1-2 halogen. A certain embodiment of the invention
relates to a c\’fﬁﬁ%’dﬁa‘%pformula |, wherein R3 is bgnzo[d]isoxazolyl, isoﬁ(}yﬁﬁ%ylgﬂg%fdinyl,
isoxazolo[5,4-b]pyridinyl, benzo[d]isothiazolyl, isothiazolo[4,5-b]pyridinyl or
4-isothiazolo[5,4-elpuridinyls sach unsubistied. pr substied by L2 halagen, ia edtainy,
embodiment of the fMv&lition Fefates 16" Cormpounad of formutal, WhErER IS
benzo[d]isoxazol-3-1,B-1a15oRo- a2 S pafgsx i 3oy Bifestoterlieidfisy e suacyed a 3- o 7-
isoxazolo[4,5-17]pynidinb3ryll iSexazolo] o), A-higytidin-33d, be nzofdlisethiazak Iafdividually selected
isothiazolo[4,5-b]pyfidiR-#-yd Qhd-iSathiag Aokt GRNAAIN 13 -Whsubsii rCEI AIRBMRAdINENLO the
invention relates to a cor{;})oundgff r ularl[ Wboir in 123 is 20 s ctine of halogen. Ce-
benzo d]isoxazolyl,él-]ﬁﬁ% SHE Ao iEBRA 61T 5O BEns S TRISEEXET T 0x0- hatogen, Lis
isoxazolo[4,5-b]pyrighe} 486 %azotB{54:b]ppidinyl,benzo[d]isothiazolyl, isothiazolo[4,5-blpyridiny1,
4-isothiazolo[5,4-c]pyridinyl. A certain embodiment of the invention relates to a compound of
formula |, Whehshag23 is
benzol[d]isoxazol-3-yl,6-fluoro-benzoldlisoxazol-3-yl,5-fluoro-benzo[d]isoxazol-3-yl, 25
isoxazolo[’ 5stipyridiinsShylisoketzolof54 dolpsitidin- Byl entofdlisuthiazielddally sciected from the
iSOthiaZO|%Eﬂm@'MIFM{Q{g"c?ﬂliH‘?fﬂﬁ@%‘éﬁ?%ﬁ@”@?}%ﬂ@iﬂ@:&%ﬂmxﬁWé@ﬂ@@@@j@ﬁ%@éﬂf@l-
inven{' n r_ealtﬁtes té)nglclzo&n&o%d QHEKO{muIa I, wherein 123 is benzo[d]isoxazol-3-yl. A certain
embodimént of the Invention refates 16 a compound of formula I, wherein 123 is 30
6-f|uoro-benzo[dlisoxgzol-B-é/Ii. VYIO 2011/ ?48({7t$CT/1EP2011/056391 -17- A certain embodiment
of the invention rél%t%sa’flg%c%%ﬁ% LG BIBmae ,e{ﬁﬂérein R3 is isoxazolo[4,5-171pyridin-3-yl. A
certain embodiment of the invention relates to a compound of formula I, wherein R3 is
isoxazolo[5,4-b]py AR ST AIOEAEGH BB SRHEHES A L ATERRSH e S8 Empound of formula
I, wherein R3 is benzo[d]isothiazol-3-yl. A certain emhodiment of the invention relates to a
compound of formula I, wherein R3 is isothiazolo[4,5-b?§yridin-3-yl.

N

RZ i l
; N N
\ N
{
1

R Ia,

wherein
15 R’ is selected from the group consisting of
n H,

it) -Cig-alkyl, unsubstituted or substituted by 1 to 5 substituents individually selected

from the group consisting of OH, halogen, cyano and C;¢-alkoxy,

iii}  ~S(0)-C;¢-alkyl, wherein the C)¢-alkyl is unsubstituted or substituted by 1 fo 5
20 substituents individually selected from the group consisting of OH, halogen, cyano
' and C.¢-alkoxy,

iv) -C(O)Cys-alkyl, wherein the C)¢-alkyl is unsubstituted or substituted by 1 to 5
substituents individually selected from the group consisting of OH. halogen, cyano
and Cig-alkoxy,



A _certa_in embodiment of the invention relates to a compound of formula I, wherein R3 is 10
4-isothiazolo[5,4-c]pyridin-3-yl. Examples for the compound according to the invention are shown

in the experlmental art and the table below. Ex Structure Ex Structure 19 S-N\ Cl,
02 0N\ CRYBZBBIEIN . ek i

v)  -C(0)O-Cis-alkyl, whercin the Cyg-alkyl is unsubstitated or substituted by 1 to 5
substituents individually selected from the group consisting of OH, halogen, cyano
and C,; ¢-alkoxy;

vi) cycloalkyl, unsubstituted or substituted by 1 to 5 substituents individually selected
5 from the group consisting of OH, halogen, cyano, Cyg-alkyl and C, s-alkoxy,

vii)  S(0),-(CH»)-NRR", wherein
gqisOorl,

R' and R" is each individually selected from the group consisting of H and Cy¢-alkyl,
or R and R" form together with the nitrogen to which they are attached a 3- to 7-

10 membered heterocyclyl comprising one or two heteroatoms individually selected
from N, O and §, and which heterocyclyl is vnsubstituted or substituted by 1 to S
substituents individually selected from the group consisting of oxo, halogen, Ci¢-
alkyl and C;¢-alkoxy,

viii) -(CH,)-NRR"™, wherein
15 ris 1.2 or3,

R and R™ is each individually selected from the group consisting of H and C,¢-atkyl,
or R and R" form together with the nitrogen to which they are attached a 3- to 7-
membered heterocyclyl comprising one or two heteroatoms individually selected
from N, O and S, and which heterocyclyl is unsubstituted or substituted by 1 to §

20 substituents individually selected from the group consisting of oxo, halogen, Ci¢
alkyl and C;¢-alkoxy, and

ix) ~C(ONCH,)-NR'R", wherein
sis 1,2 0r3,

R" and R is each individually selected from the group consisting of H and Cye-alkyl,

25 or RY and R" form together with the nitrogen to which they are attached a 3- to 7-
membered heterocyelyl comprising one or two heteroatoms individually selected
from N, O and 8, and which heterocyclyl is unsubstituted or substituted by 1 to 3
substituents individually selected from the group consisting of oxo, halogen, C¢-
alkyl and Cy¢-alkoxy;

30 R%is halogen;



\Cl NHC1IH 3 O-N? N#H CIC1H 21 S-N\CIl. WO 2011/134877PCT/EP2011/056391 -18- Ex
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R® is heterobiaryl, unsubstituted or substituted by 1-5 substituents individually selected from the

group consisting of OH, halogen, cyano, C¢-alkyl, Cp.¢-alkoxy, halogen-C; ¢-atkyl, halogen-C;.

e-alkoxy and hydroxy-C;s-alkyl;

or a pharmaceutically acceptable salt thereof.

A certain embodiment of the invention relates to a compound of formula I, wherein R' is

sclected from the group consisting of

i)

vii)

H,

Cy¢-alkyl,
-8(0),-Cre-alkyl,
-C(0)0-Cy-alkyl,
cycloalkyl,
~(CH,)-NR™MR", wherein
ris 1,2 or 3,

Ri and RY is each individually selected from the group consisting of H and Cy¢-alkyl,
and

~C(OY)CH2),-NR'R", wherein

sis 1,2 or3,

R” and R™ is each individually selected from the group consisting of H and C.¢-alkyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is

selected from the group consisting of H, methyl, cyclobutyl, methyl-2-ethylamine, 1-oxo-ethyl,

1-0x0-2~(dimethylamino}-ethyl and methyl-sulfonyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is

selected from fthe group consisting of -Cie-alkyl, cycloalkyl, -(CHy)-N(Cj.¢-alkyl); and
~C(0)(CHy)-N(Cy.g-alkyD)s.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is

selected from the group consisting of methyl, cyclobutyl, methyl-2-ethylamine and

1-ox0-2-(dimethylamino)-ethyl.
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A certain embodiment of the invention relates to a compound of formula 1, wherein R is
H.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
~C1"6—a1ky}_

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
methyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
-C(O)0-Cyg-alkyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
Boc.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
cycloalkyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R!is
cyclobutyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
-(CH2)~NR"R™, wherein r is 1, 2 or 3 and R and RY is each individually selected from the
group consisting of H and C.s-alkyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
-(CHz)2-N(Cyg-alkyl)a.

A certain embodiment of the invention relates to a compound of formula I, wherein R’ is
methyl-2-ethylamine.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
-C(0)-Cyg-alkyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
i-oxo-ethyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R'is
_C(OXCH,)-NR"R", wherein s is 1, 2 or 3 and R" and R™ is each individually selected
from the group consisting of H and C, s-alkyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R} is
—C(O)(CI’Ig)-N(C]-6—?111(3/1)2.
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A certain embodiment of the invention relates to a compound of formula I, wherein R' is

1-ox0-2-(dimethylamino)}-ethyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R' is
-8(0),-Cip-alkyl.

5 A certain embodiment of the invention relates to a compound of formula I, wherein R!is

methyl-sulfonyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R is
chloro,

A certain embodiment of the invention relates to a compound of formula I, wherein R” is
10  heterobiaryl, unsubstituted or substituted by I-2 halogen.

A certain embodiment of the inveniion relates to a compound of formula I, wherein R%is
benzo[d]isoxazolyl, isoxazolo[4,5-blpyridinyl, isoxazolo[54-blpyridinyl, benzo[d]isothiazolyl,

isothiazolo[4,3-b]pyridinyl or 4-isothiazolo[5.4-clpyridinyl, each unsubstituted or substituted by
1-2 halogen.

15 A certain embodiment of the invention relates to a compound of formula I, wherein R’ is
benzoldlisoxazol-3-yl, 6-fluoro-benzo{dfisoxazol-3-vi, 5-fluoro-benzofd]isoxazol-3-yl,
isoxazolo{4,5-bpyridin-3-yi, isoxazolo}5.4-blpyridin-3-yl, benzojdlisothiazol-3-yl,
isothiazolo[4,5-b]pyridin-3-yl or 4-isothiazolo[5,4-c]pyridin-3-yl.

A certain embodiment of the invention relates to a compound of formula I, wherein R” is

20 benzo[dlisoxazolyl, 6-fluoro-benzodlisoxazolyl, S-fluoro-benzofd]isoxazolyl,

isoxazolo[4,5-blpyridinyl, isoxazolo[5,4-b]pyridinyl, benzo[dlisothiazolyl,
isothiazolo[4,5-b]pyridinyl, 4-isothiazolo[3,4-c]pyridinyl.

A certain embodiment of the invention relates to a compound of formula I, wherein R is

benzoldlisoxazol-3-yl, 6-fluoro-benzoldlisoxazol-3-yl, 5-fluoro-benzofd]isoxazol-3-yl,

25  isoxazolo{4,5-b]pyridin-3-yl, isoxazolo[3,4-blpyridin-3-yl, benzo[dlisothiazol-3-vl,
isothiazolo[4,5-b]pyridin-3-yl, 4-isothiazolo[5,4-c]pyridin-3-yl.

A certain embodiment of the invention relates to a compound of formula I, wherein R’ is
benzo{djisoxazol-3-yl.

A certain embodiment of the invention relates to a compound of formula I, wherein R” is
30 6-fluoro-benzoldjisoxazol-3-yL

A certain embodiment of the invention relates to a compound of formula I, wherein R is

5-fluoro-benzold]isoxazol-3-yl.
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A certain embodiment of the invention relates to a compound of formula I, wherein R’ is

~ isoxazolo[4,5-blpyridin-3-yL.

A certain embodiment of the invention rclates to a compound of formula I, wherein R%is

isoxazolof5.4-bjpyridin-3-yl.

5 A certain embodiment of the invention relates to a compound of formula I, wherein R’ is
benzo[d]isothiazol-3-yL.

A certain ecmbodiment of the invention relates to a compound of formula I, wherein R” is
isothiazolo[4,5-b]pyridin-3-yl.

A certain embodiment of the invention relates to a compound of formula I, wherein R is
10 4-isothiazolo{5,4-c]pyridin-3-yL

Ixamples for the compound according to the invention are shown in the experimental
part and the table below.

Ex Structore Ex Structure -
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Table 2: structures of selected examples

A certain embodiment of the invention relates to a compound of formula 1, selected from the

eroup consisting of

cis-1-(4-Benzo[d}isoxazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,1 Ob-tetraaza-

5 benzoejazulene-5-carboxylic acid fers-butyl ester,

trans-1-(4-Benzo| dlisoxazol-3-yl-cyclohexyl)-8-chloro-4H,6 H-2,3,5,10b-tetraaza-

benzo[e]azulene-5-carboxylic acid tert-butyl ester,

cis-1-(4-Benzofd]isoxazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5, 1{)b-tetraaza-
benzolelazulene,

10 cis-1 —(#Benio[d}isoxazol—3-y1—cyclohexy1)—8—chloro—5—methyi—5 ,6-dihydro-4H-2,3,5,10b-
tetraaza-benzofe]azulene,

trans-1-(4-Benzold}isoxazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2.3,5,10b-tetraaza-
benzolelazulene, '

trans-1-(4-Benzo[dJisoxazol-3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-
15  telraaza-benzofelazulene,

trans-8-Chloro-1-[4-(6-fluoro-benzo dlisoxazol-3-yl)-cyclohexyl]-4H,6 H-2,3,5,10b-1etraaza-
benzofe]azulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-[4-(6-fluoro-benzofdlisoxazol-3-yl)-cyclohexyl]-5,6-dithydro-4H-2,3,5,10b-

tetraaza-henzolelazulene,

20  rans-8-Chloro-1-[4-(6-fluoro-benzo[d]isoxazol-3-y)-cyclohexyl]-5-methyl-5,6-dihydro-4H-
2.3.5,10b-tetraaza-benzofelazulene,

trans-8-Chloro-1-[4-(53-fluoro-benzo[d]isoxazol-3-yl)-cyclohexyl]-4H,6H-2,3,5,10b-tetraaza-

benzo[e]azulene-5-carboxylic acid tert-butyl ester,
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trans-8-Chioro-1-[4-(5-fluoro-benzo| dlisoxazol-3-yl)-cyclohexyl]-5,6-dihydro-4H-2.3.5,10b-

tefraaza-benzolelazulene,

trans-8-Chloro-1-{4-(5-fluoro-benzof dlisoxazol-3-yl)-cyclohexyl}-5-methyl-5,6-dihydro-4 H-
2.3.5,10b-tetraaza-benzo{ejazulene,

5 trans-8-Chloro-1-(4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyl)-4H,6 H-2.3,5,10b-tetraaza-
benzof elazulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-(4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyh)-5,6-dihydro-4H4-2,3,5,10b-
tetraaza-benzofelazulene,

trans-8-Chloro-1-(4-isoxazolo[4,5-bpyridin-3-yi-cyclohexyl)-5-methyl-5,6-dihydro-4 H-
10 2,3,5,10b-tetraaza-benzo[e]azulene,

trans-8-Chloro-1-(4-isoxazolof3,4-blpyridin-3-yl-cyclohexyl)-4H.6 H-2,3,5,10b-tetraaza-
benzofelazulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro- 1-{4-isoxazolo[5.4-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzofelazulene,

15 trans-8-Chloro-1-(4-isoxazolo[5,4-b]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4.H-
2.3.5,10b-tetraaza-benzo[e]azulene,

trans-1-(4-Benzo[dlisothiazol-3-yl-cyclohexyl)-8-chloro-4H 6H-2,3,5,10b-tetraaza-
benzolejazulene-5-carboxylic acid tert-butyl ester,

trans-1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-
20 benzofelazulene,

trans-1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzofelazulene,

trans-1-(4-Benzol dlisothiazol-3-yl-cyclohexyl)-8-chloro-5-cyclobutyl-5,6-dihydro-4H-
2.3,5.10b-tetraaza-benzole]azulene,

25  trans-{2-[1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-4H,6 H-2,3,5,10b-tetraaza-
benzofelazulen-5-yl}-ethyl }-methyl-amine,

trans-1-[ 1-(4-Benzo[dlisothiazol-3-yl-cyclohexyl)-8-chloro-4 H,6 H-2,3,5,1 0b-tetraaza-
benzo[elazulen-5-yi]-ethanone,

trans-1-[1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-4H 6 H-2,3,5,10b-tetraaza-
30  benzo|elazulen-5-yl}-2-dimethylamino-ethanone,



18 O-N SI. C1 110 Table 2: structures of selected examples A certain embodiment of the invention
relates to a compound of formula 1, selected from the group consisting of
cis-1-(4-Benzold]isoxazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-te aaza5 )
benzo[dazuléHe812dBXylic acid tert-butyl ester, 5 PCT/EP2011/056391
trans-1-(4-Benzo[d]isoxazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraazabenzo[e]azulene-5-car
boxylic acid tert-butyl ester, .
cis-1-(4-B&HS[eis ﬁﬁ%ﬂgﬁ}w&fc‘%ﬁ@QS@%9&%?8’%—%%’-18%9%[?8%ﬁﬁ?fg%%’-%e%%g%@éﬁgbklazulene,
10 cis-1- 3 13EHrbfdjaza-benzo[e]azulene,
isoxazol-3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dibydro-4H-2,3,5,10btetraaza-benzo[e] azulene,
trans-1-(4sBensdilisoxazdli@kaypdichsxyl)sidnicrels B-wiydlo-UHE2{ 3 5, 0ltdatzaazabenzo [e]

azulene, yefransmdatfneenzalllicylic acid tert-butyl ester,
soxazol-3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b15 tetraaza-benzo[e]azulene,

trans-8-Chloro-lé(Osfiuergsbenzoldlisexgpokdive-qrelahenyd 4t Gindi 3 a40Dsts ragzabenzolelazu

lene-5-carboxylic_acid g%rt-b tyl ester,

trans-8-CHIBPEZT- 1A B HIBHS

uoro- eenzoldlisoxazoI-3-y1)-cyc|ohexyl]-5,6-dihydro-4H-2,3,5,10btetraaza-ben
zorelazulene, 20

trans-8-CHIBHTa A psntistd SBENT oA s gD A Y SREs - S s R €A 6ZiH2, 3,5, 10n-tet
raaza-berizdpfaruleirszavye20dle 18487 7PCT/EP2011/056391 -22-
trans-8-Chloro-144-(5-fluoro-benzo[d]isoxazol-3-ye-cyclohexyl]-5,6-dihydro-4H-2,3.5,10btetraaza-benz
o[dazulenggns-8-Chloro- 1-(4-isothiazolo[5,4-c]pyridin-3-yl-cyclohexyl)-4 H,6 H-2.3,5,1(b-tetraaza-

trans18-Chlorasd(friuararbenaal dispkazaindthkegyclohexyl]-5-methy1-5,6-dihydro-4H2,3,5,10b-tet
raaza-benzo[e]azulene, 5

trans-8-Chlgro-d«(4risexazelolthprRlRysidiniseviasyaghexyliutizyers 2.3y ieb-1gtraazahpnzoldazulene-

5-carboxyic add {elL R e

trans-8-Chloro-1-{4-isothiazolo[5,4-c]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-
2.3.5,10b-tetraaza-benzo[elarulene,

15 cis-] —(4-Benzo[d]isothiazoL3««ylmcyclohexyl)-&chloro-4H ,6H-2,3,5,10b-tetraaza-

benzo[e]azulene-5-carboxylic acid tert-butyl ester,

cis-1-(4-Benzo[d)isothiazol-3-vl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,1 0b-tetraaza-

benzofelazulene, and

cis-1-{4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b-

20 tetraaza-henzolelazulene,
or a pharmaceutically acceptable salt thereof.

A certain embodiment of the invention relates to a compound of formula I, selected {rom the

group consisting of

cis-1-(4-Benzo[d]isoxazol-3-yl-cyclohexyl)-8-chloro-4H,6/-2,3,5,10b-tetraaza-

25  benzo[elazulene-5-carboxylic acid terr-butyl ester,

trans-1-(4-Benzo[dlisoxazol-3-yl-cyclohexyl)-8-chloro-4H,6 H-2,3,5,10b-tetraaza-

benzo]eJazulene-S-carboxylic acid tert-butyl ester,

cis-1-(4-Benzo[d]isoxazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4/-2,3,5,10b-tetraaza-

benzo[elazulene,



trans-8-Chloro-1-(4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10btetraaza-benzo[e]
azulene, trans-8-Chloro-1-(4-isoxazolo[4,5-blpyridin-3-y1-cyclohexyl)-5-methy1-5,6-dihydro-4H10
2,3,5,10b-tetraaza-benzo [e] azulene, T/EP2011/056391
trans-8-ChIo%gl%?hi-’i?&&oloﬁ,4-b]pyridin-3-yl-cy,cighexyl)-4H,6H-2,3,5,f(ﬁ)-te ST
aazabenzo[e]azulene-5-carboxylic acid tert-butyl ester, trans-8

Cloro- e RIS YN GBS S -4 R Qe g qpenzolelazulen
trans-8-CHieazd-anidwlizsle]s, 4-b[pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4H2,3,5,10b-tetraaza
-benzo [e] azulene,
trans-1-(4"Beniditisotibdoile8aybleyarbhestye8ythtorblang- 5Pl dra- o bt aadbEfadidazulene-5-car
boxylic agighig-huykester,
trans-1-(4-Benzolcflisothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza- 20
benzofelazgne4raps; drifBense idh-cyclohexyl)-8-chioro-5-methyl-35,6-dihydro-4H-2,3,5,10b-
iSOthiaZO|'-3'54_C)P§‘]|19zho‘iﬁ?{l -8-chloro-5-rnethyl-5,6-dihydro-4H-2,3,5,10btetraaza-benzo [e] azulene,

trans-1-(4BehZo[d 4201-532yl-cyclohexyl)-8-chloro-5-cyclobutyl-5,6-dihydro-411-

2,3,5.10b-tetra z(?é‘i)qn og ene, 25 tr %{ . e A LT CF. . )
> (o BB S 4Gy e ShED Bt s e e A R e
azulen-5-9ﬁﬂéﬂ{?] ﬁZ}ﬂ@tﬁﬁ:@ﬁhﬁ}@f ic acid tert-butyl ester,
trans-141-(4-Benzo[dlisothiazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza- benzo [el
azulen-5-yijwettsabibloco-1-[4rdhuoro-benzo| dlisoxazol-3-yl)-cyclohexyl]-5,6-dihydro-4H-2.3.5,10b-
141-(4rBapzelsilisethiaizpl-sank-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza30
benzo[elazulen-5-y1]-2-dimethylamino-ethanone, WO 2011/134877PCT/EP2011/056391 -23-
trans-1 -(4743€84%hloro- 1-[4-(6-fluoro-benzo[d]isoxazol-3-yl)-cyclohexyl]-5-methyl-5.6-dihydro-4H-
l[asgth|az%i—syfll-gg%%g%f}{lgé%i%m?rgu- ehré]ethanesulfonyl-S,6-d|hydro-4H2,3,5,1Ob-tetraaza-benzo[e]azu

a

trans-8-Chloro-1-(4-isothiazolo[4,5-blpyridin:3-yl-c xyl)z4H,6H- - azabenzolelazulen
e- 5-carbof(ﬁ’|1(§'§1é' dq{%lﬁ:tgmlﬁ%%e— %?fq;!tpe.}gz,gfg]m&azgf?—%—cyZloﬂekyE’ -%& ,@Pﬂ%,g‘? fb%ateﬁgaza
trans-8-C Rl aulsmhiast oI5 By HRAInR B %1 ohexy1)-5,6-dihydro-4H-2,3,5, 10btetraaza-benz
o[elazulene, trans-8-Chloro-1-(4-isothiazol o

[4,5-Bpyridin-88y-bitot dtylf-Sunestbereotitiioyarol 442) 35 Aottt bdivzbHel 2uBPre,
trans-8-Cldata-h-(rsethiazaal, 4-clpyridin-3-yl-cycjohexyl)-4H,6H-2,3,5, Ob-tetraazal0
benz,o[elazulene-5-carboxylic acid tert-butyl ester,

trans-8-Clgsg-d4-Chisethipzolofdrelnwidjaiiaeyolo X516y dist3,8.Biblydro-4H-
Obtetraaz%-:pgﬂlﬁ_%@@%ulae_ € Z%e] _?alena,

trans-8-Chloro-1-(4-isothiazolo pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4H2,3,5,10b-tetraaz
a-benzo[e]azulengs | ro- 1-(d-isoxazolo[4,5-blpyridin-3-yl-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-

20 benzo[e]azulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro- 1-(4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyi)-3,6-dihydro-4H-2.3,5,10b-

tetraaza-benzolelazulene,

trans-8-Chloro-1-(4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-
2.3.5,10b-tetraaza-benzo[e]azulene,

25 trans-8-Chloro-1-(4-isoxazolo[5,4-blpyridin-3-yl-cyclohexyl)-4H.6H-2,3,5,1Ob-tetraaza-

benzofelazulene-S-carboxylic acid tert-butyl ester,

trans-8-Chloro- 1-(4-isoxazolo[5,4-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-

tetraaza-benzo[e]azulene,

trans-8-Chloro-1-(4-isoxazolo] 5,4-bpyridin-3-yl-cyclohexyl)-S-methyl-5,6-dihydro-4 H-
30 2,3,5,10b-tetraaza-benzofelazulene,



15
cis-1-(4-Benzordjisothiazol-3-yl-cyclohexyl)-8-chloro-413,6H-2,3,5,10b-tetraazabenzo[e]azulene-5-car
boxylic acid tert-butyl ester, : .
cis-l-(4-Ben%‘fcﬁ?égﬂ’?@%l-s-yl-cyclohexyl)-8-chIor955,6-dihydro-4H-2.3,5‘,’ f%‘?%’é?r‘&é{‘z‘é 9énzo[e]azulen
e,and cis-1-(4-Benzocflisothiazol-3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10b20

tetraaza-benzo e(]fﬁtélnezr(l) Ol 2 (g‘;%?];gaﬁ%gglogsg%g %g%’%‘i%%%?ﬂgﬁﬁ%ﬂ& Geitain,embodiment of the

invention T&l4fes'to a CoHTpoUn T for e rom the grotip consisting of  cis-1-(4-Benzo[d]
isoxazol-Fapzelekmesam s eisrnig pesHes- 8wy ie#tetraaza25 benzo[e]azulene-5-carboxylic acid
tert-butyl ester, .
trans-1-(4vBenidkiRaxabditieytibhibryieeibré-losp 50318 1bB- (e ab Bbridfadulene-5-carb
oxylic aciddgstibuiyliester, cis- 1-(4-Benzo[dlisoxazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,
10b-tetraazabenzordazulene, WO 2011/134877PCT/EP2011/056391 -24- cis-1 - (4-Benzo[d]

isoxazpl-3zysCyeionexd )iBs6NRERt R ety Bradilytiar4-ndBy5.d detliaara-bErzek] ozulene,
trans-l-(4-%ﬂeara1zz§g[)c!c1ri1§8@az§d}-§ﬁgl-cyclohexyl)-8-chIoro-5,6-dihydro-4H-2,3,5,1Ob-tetraaza- benzo [e]
azulene, ' '

trans-1-(4-Benzotarlisoxazal-3-y1-cyclohexyl)-8-chlora-5-methyl-5 6-dihydra-AH-2 3.5 10btetraaza-ben
ool B Tt ooy B s 4

1-4H,611 2335 ot taszmbeaetdakisfiene-5-carboxylic acid tert-butyl ester,
trans-8-Chloro-144-(6-fluoro-benzo[d]isoxazol-3-y1)-cyclohexyl]-5,6-dihydro-4H-2,3.5 10b10
tetraaza-benso{@iblztieRen1pbht@IGrRIrd-yiguclehari R tsdze {08k azbl-30p 1 EgtI8hexyl]

-5-methy Inén Goginyaiendh21 2 b brietrdarasiienzo [e] azulene,
trans-8-Chloro-144-(5-fluoro-benzo[cflisoxazol-3-y1)-cyclohexyl]

-4H,6H-2,3.5,d 9 tetranzabenkelplazilene-Ganeeylic-adiddertinmyl eftahlbiraaza-
trans-8-C Ioro-%i%#?-f[gﬁg:gﬁgﬁ lisoxazol-3-y1)-cyclohexyl]-5,6-dihydro-4H-2,3.5,10btetraaza-be
ns-8- -1-[z1-

nzolelazu eeﬁzé? r ro (5-fluoro-benzo[djisoxazol-3-y1)-cyclohexyl] -5

-methy1-5,6-dihydro-4H2 3,5 . 10b-tetraaza-benzo [e] azulene, ., trans:&-Chlarg- 1-(4-isoxazolo
[4,5-b]pyrfﬁﬁ?f§q-“ﬁ"g£goeﬁég(€ lslﬂ%“éﬁ)g%y c {ggﬁ%}i@azalégj Oe%gbé[g%?ﬁé%@iécgr oxylic acid
tert-butyl denaple]azulen-3-yl]-Z-dimethylamino-ethanone,

trans-8-Chloro-1-(4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10btetraaza-benzo[e]
azuleHe, tramg=8=@Hﬁ¢r@q{c{]&s@§bjﬁac2}o?bofh~g@qhexyl)—8-chior0~5 -methanesulfonyl-5,6-dihydro-4H-
din-3-y1-cyclshemyi}erinetny b} ordiliydeo-4H2,3,5.10b-tetraaza-benzo[e]azulene,

trans-8-Chloro- 1-{4-isothiazolo[4,5-b]pyridin-3-yl-cyclohexyl)-4H,6 H-2,3,5,1 Ob-.tetraaza—

benzo[e]azulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-(4-isothiazolo{4,5-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-

20  tetraaza-benzofe]azulene,

trans-8-Chloro- 1-(4-isothiazolof4,5-blpyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-

2.3.5,10b-tetraaza-benzolelazulene,

trans-8-Chloro-1-(4-isothiazolo[3,4-cipyridin-3-yl-cyciohexyl)-4H,6 H-2,3,5, 1 Ob-tetraaza-

benzo|elazulene-3-carboxylic acid tert-butyl ester,

25  trans-8-Chloro-1-(4-isothiazolo[5,4-c]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-

tetraaza-henzolejazulene, and

trans-8-Chloro- 1-(4-isothiazolo[5,4-c]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-

2.3,5,10b-tetraaza-benzo[e]azulene,

or a pharmaceusically acceptable salt thereof.



5
trans-8-Chloro-1-(4-isoxazolo[5,4-b]pyridin-3-yl-cyclohexyl)-4H,6H-23,5,10b-tetraazabenzo[dazulene-5
-carboxylic acid tert-butyl ester, _
trans-8-ChIoF89L%?ﬁ1-f§b gﬁolo[S,4-b]pyridin-3-yl-cy,ci@hexyl)-5,6-dihydro-4IR-)I(-q‘z,lgfg;%zfﬂ%aPéS r()e{aza-benzo[e]
azulene, trans-8-Chloro-1-(4-isoxazolo[5,4-b]pyridin-3-y1-cyclohexyl)-5-methyl-5,6-dihydro-4H30
2,3,5,10b-tetraaza-benzol[dazulene, WQ 2011/134877PCT/ERP2011/056391 -25- _
trans-l-(458°é"ﬁ%}iﬁ%%ﬁéi‘éil}%]lt-g-)} -%f/%g té% REES }Sr&bgﬂﬁ%ﬂl}g,%?é?f%x?g?rsa%%{g%%ﬁ?o %%ulene-S-car
boxylic acktaeprmyHasted,
trans-1-(4-Benzoldilsothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-23,5,10b-tetraazabenzo[e]azule
ne, 5 trans-1-(4-Benzo[d]isoxazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5, 10b-tetraaza-

trans-1-(4nBenrafdlisathiaact3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-411-2,3,5,10btetraaza-be
nzol[e]azulene, trans-1-(4-Benzo[d]isothiazol-3-yl-cyclohexy

)-8-chlorozReyelobuyl S 8idihysknsii2:3brebralanzarenzoldaz dlansgdro Hans 5, 10b-
241-(4-Benzg{[ﬁ%£ othi I-%ie\fl-cyclohexyO-8-chIoro-4H,6H-2,3,5,10b-tetraaza10

i %}ﬁ}é?#jﬁ-mgfhyl-amin&

benzo[dazulen-

rans-1¢1 (4 Bergaldisoiazol Sy EylopE8-ehioty- 4t 612,35 A0 aNapgapenzglgazulen5y

Thethano&"
trans-141¢xRehbetalikdtides-stieyclohexyl)-8-chloro-41-1,6H-2,3,5,10b-tetraazabenzo[e]azulen-5-
y11-2-dimethylamino-ethanone, 15
trans-1-(4:Bento{disotHidsdbJlyhaybiohebdliySataoiorB-mestharedlfonshys s alihnteAi2 3,5,10b-tet

raazarpenzoleapilen aza-benzolelazulene,
trans-8-Chloro-1-(4-isothiazolo[4,5-blpyruhn-3-yl-cyclohexy1)-4H,6H-2,3,5,10b-tetraazabenzo[e]azule

ne-5-carb@xylicsaciddertrhutys esi§h-benzol dlisoxazol-3-yl)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-
trans-8-Crt1é%%-1: %ﬂsgt%&a%g&é@igﬁpyridin-3-y|-cyc|ohexy0-5,6-dihydro-4H-2,3,5,10b20
tetraaza—benzoz[ae]azlfio ne, trans-8-CHhloro-othiazolo [4.5-b]p yridin-3-yl-cyclohex y1)-5 -methyl-5,6-d
ihydro-4H- 2,3,5, -tetraaza-henzo,[e] azulene o » :
trans-8-CHTS?(S'—%’-%EE?SEIi?g"ﬁé%‘,%péf,ﬁf;ﬁ%fﬁ 937/412-%?/16I’dHgk?ff-lﬁlllﬁ@ﬁi:&}%%%bs-’t%ﬁglg%%éfn{io[e]azuIen
e-5-carboxylié -AeidteeinabiBaestelaPftans-8-Chloro- 1 -(4-isothiazolo[5,4-
clpyridin-3-yl-cyclohexy0-5,6-dihydro-4H-2,3,5,10btetraaza-benzo[e]azulene. and
trans48-Chitoro-3-(hlisothisrdte @ dabfridinmdiii-eydteieelrslimethiings-ditydtet4 P2, 3,5,
10b-tetraaza-henzefehpzulanec omaCpharmaceutically acceptable salt thereof. WO
2011/134877PCT/EP2011/056391

trans-8-Chloro-1-(4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyl)-5-methyl-3,6-dihydro-4 H-
2.3.5,10b-tetraaza-benzo{elazulene,

trans-8-Chloro-1-(4-isoxazolo[5,4-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-
20  tetraaza-benzolelazulene - HCL

trans-8-Chloro-1-(4-isoxazolo[5,4-bipyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4H-

2,3.5,10b-tetraaza-benzoielazuiene,

trans-1-{4-Benzo| d}isothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4/-2,3,5,10b-tetraaza-
benzo[e]azulene » HCL

25 trans-1-(4-Benzo[dlisothiazol-3-yl-cyciohexyl)-8-chloro-5-methyl-5,6-dihydro-4£-2,3.5,10b-

tetraaza-benzofe]azulene,

trans-1-(4-Benzoidlisothiazol-3-yl-cyclohexyl)-8-chloro-5-cyclobutyl-5,6-dihydro-4H-
2.3,5,10b-tetraaza-benzo[e]azulene,

trans-{2-[ 1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza-
30  benzo[elazulen-5-y1]-ethyl }-methyl-amine,



-26- A certain embodiment of the invention relates to a compound of formula 1, selected from the
group consisting of

trans-1-(4- BenzoLdllsoxazoI -3-yl-cyclohcxyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b- tet abenzo[dazulen
e*HCI, 5 0 2011/134877 o "PET/EP2011/056391
trans-1-(4-Benzo[d]isoxazol-3-yl- cyclohexyl) -8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10btetraaza-benz
o [e] azulene,

trans-8- CHFB% 1%4(%681%6% 1S(‘aorllﬂzlb |so 1%13y}i¥1 c(f(in1 Oé)%yéf g &ﬁy%%gb 1I—|r"r5a§a'5 10btetraaza-ben
zorelazulépezeld@aulen-Irahs8a0ro- 114 -(6-fluoro- benzo
[d]isoxazol-3-ye-eyclohexyl]-5-methy1-5.6-dihydro-4H10 2,3,5,10b-tetraaza-benzo[elazulene,
trans-8-Chioro 144 ({Bitnortdberthoilisbxbentighy1yltpeblrmryitbiéididytiotauam s, 10btetraaza-ben
zordazulepg lQazulen-3-yl]-2-dimethylamino-ethanone,
trans-8-Chloro-144-(5-fluoro-benzo[d]isoxazol-3-y1)-cyclohexyl]-5-methy1-5,6-dihydro-4H2,3,5,10b-tet
raazafper}?&a}e}] w&%{f}]@sothia?ol 3-yl-cyclohexyl)-8-chloro-5-methanesulfonyl-5,6-dihydro-4H-
trans-8-Chl ré)lil}b(4 soxa ologgfta k%]ﬁgrldln -3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10btetraaza-benzo[e]

l(_‘, raaza
azulene II

laennszg[;g*lfoﬁr%ﬁ (I)%) )ﬁa@o 1achFD Ygg 2 py%d?r}/ glgtﬂ%g%z)hcxyﬁt? %I él’hycg 3&%%%'3]215‘65 10b-tetraaza

trans-8- CW@W&%@%&?&Z@!@E 4-blpyridin-3-yl-cyclohexyl)-5.6-dihydro-4H-2,3,5,10b- 20
tetraaza-benzo[dazulene * HC1,

trans-8- Ch@e&%@ﬂa%i@@&ﬁ&ﬂb%sﬁrhl&%@ébﬁé@l%@tﬁyn%ddﬁ%b}’dﬁz“é% 10b-tetraaza

-benzoklazulen®b-ietraaza-benzo[elazulene,
trans-1-(4-Benzoldlisothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraazabenzo[dazule

ne 1-ICl, 29:5-8-Chloro- 1-(4-isothiazolo[5 4-c]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-
trans-1-(4- I?fenzochn Wgzzu Lé%eyl (?yclohexyl) -8-chloro-5-methyl-5,6-dihydro-4H- 2 3,5,10btetraaza-be
nzo[e]azu ene, tran

Bl e 3 R YR AL B ez e

241-(4- Be?ﬁé[»éﬂi%@ﬁﬁ?&iﬁbgfyl‘?&@é%ﬁ@}@yl)-S-chIoro-4H,6H-2,3,5,10b-tetraaza30 benzo [e]
azulen-5-ylkethyll-methyl-amine, WO 2011/134877PCT/EP2011/056391 -27-
transi$41-(4-Benzo[phisothiguttaly hesarohéxsiit dheriefo-4H.6H-2,3,5,10b-tetraazabenzo[e]azulen-5-y
11-ethanone, trans-1-11-(4-Benzo[dilsothiazol-3-y1-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-te
aazabenzardaziten®modiip2adivh €thytemmition etheerone, ®mpound of formula I, selected from the

trans-1- (4@ﬂmggg§gnglagol -3-yl-cyclohexyl)-8-chloro-5

methanesulfonyl -5,6-dihydro-4H2,3,5,10b-tetraaza-benzo|[elazulene,

irans-8-Chlgre-1-(41isathiggRIal4, arhlpyddinsReyl syeiahe - andiby drandldrs. 3rpdl Obtetinaza-benzo|

elazulene
tetraaza-benzo[elazulene,

20 trans-8-Chloro-1-[4-(6-fluoro-benzo[d]isoxazol-3-yl)-cyclohexyl]-5-methyl-5,6-dihydro-4H-

 2.3,5,10b-tetraaza-benzofelazulene,

trans-8-Chloro-1-[4-(5-fluoro-benzoldlisoxazol-3-yl)-cyclohexyl]-5-methyl-5,6-dihydro-4H-
2.3,5,10b-tetraaza-benzo[elazulene,

trans-8-Chloro-1-(4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-
25 2,3.5,10b-tetraaza-benzolelazulene,

trans-8-Chloro-1-(4-isoxazolo[5,4-b]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-
2.3.5,10b-tetraaza-benzo[elazulene,

trans- 1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-3-methyl-3,6-dihydro-4H-2,3,5,10b-

tetraaza-benzo| e}azulene,



trans-8-Chloro- 1-(4-isothiazolo[4,5-b]pyridin-3-yl-cyclohexy0-5-methyl-5,6-dihydro-4H10

2,3,5,10b-tetraaza-benzolelazulene,

trans-8-Chloro-I- 4-isothiazo|o[5,4-c]pyridin-3-y|-cyc|ohexyl)-5,6-dihydro-%:ﬁ%ﬁ%g;gaaza—benzo[d

azulene, and?0 2011/134877 8. U

trans-8-Chloro-1-(4-isothiazolo[5,4-c]pyridin-3-yl-cyclohexy0-5-methyl-5.6-dihydro-4H2,3,5,10b-tetraaz

a-benzo[elazulene, 150r a pharmagceutically acc h It t _gertai \hegdiment of the
Lé‘%ngr&())A%go i zbalc—g-r#-ﬁ CYPgex %’-@—a#?o%&gwtycﬁ%giﬂ 8%%&5178{@999

invention’f&fxi oun fo a |, sefected from the group consisting of
trans-1-(2-B&nsbfujistraisnadtlageigifexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5.10btetraaza-benz
o[e]azulene, 20

trans-8-Chiloro{ 244-(6-Reorol Aivnopaisdxdichiecddohdsapr 4 okt 18% eiRg#fo-4H2,3,5,10b-tet
raaza-bemnzejejapiiane stkanstsy G hietbyl4dxtk:fluoro-benzo[d]isoxazol-3-y1)-cyclohexyl]
-5-methy1-5,6-dihydro-4H2,3,5,10b-tetraaza-benzoklazulene, trans-8-Chloro- -(4-isoxazolo[4,5
-IApyRding 3zylioclaheniieathyars §ididrexdHA5:R13;:6.4HIbHe R a8 benzale] azulenc,
trans-8-Chloro-1 -(4-is @xgzalo, |5, 4-blpyridin:.3-yl-cyclohexyl)-5 -rnethy1-5,6-dihydro-4H2,3,5, 1
Ob-tetraazca%oé%lza%ﬂ[cer]%a %Tgn% 7 1’5%%%1&487%PCT1EP20111056391 -28- trans-144-B enzo [Os

othiazol-3-yl-cyclghexyl )-8-chloro-5- tyl =5.6-dih -4H2,3, 9,100 tetke nzp [e]azulene,
trans-{ 2 4tigf1hv_é~e($‘]§cﬁ¥£-(§~zsotﬁmz oﬁng’b%‘ dln—g—%~é§g{8hc y%)’% %ﬁ%@@l g,f@(ﬂﬁ?ﬂ?@ﬁip ZU

sothiazol 33/-dPbrstEryamembisasiesH93 5 10b-tetraazabenzole]azulen-5-ylkethyl }
-methyl-amine, 5 _ _

trans-1-[ 1+ BSAdfdiisothispdtazylatidonpwiin o hisisiahe sl 3 s thdm @ dDydspdiZolelazulen-5-y
11-2-gimethydaminetethanengos| cJazulene,
trans-8-Chloro-1-(4-isothiazolot4,5-blpyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4H2,3,5,10b-tetraaz

a-benzorelazulens..anficalfp RS ehloiaritddsothiazolol
5,4-clpyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4H10 2,3,5,10b-tetraaza-benzoielazulene, or a

pharmaceutically agcepahigsaibihereofe invAnssHalnembodicoanbonths inventianirektesiita
compound as described in f the embodiments obtain I% Bg g process according as described
herein. ™ g&l@ﬁgﬁwog}%]ﬂ% Fmggnat %Ii‘oﬁg’ésiﬁ((‘/cé)ﬁ%[illg ?éléa%t?ecs;g % a compound as described in any of the

15 embodiments, whenever ohtainabl }5 a process accoyding as desecribed h b G ain
embodiment of t 'ﬁﬁf?é%ﬁglr??gﬁ’t%g f’(? %6%%%{106’ '%%?%Segocﬁl?gal it ?’;’_Fr%/acsif%t %g%gr%%éndf{nﬁgﬁts or the
use dsthempelitically abtveverbateinedle by Arestafrpeinbmehtsid ehtion relates to a
compound as described in any of the embodiments for a use in the prevention or treatment of

dysmenorrhea, matergifematelisesuiall20edystutietonlasrpertepiovetrantleviakadia apy, of the

inapproprigig,seaiation-einaseniessinpliver.sirrhasis saephiosic syndrome, anxiety, depressive
disorders, obsessive compulsive disorder, autistic spectrum disorders, schizophrenia, and aggressive

behavior. A certain embodiment of the invention relates to a compound as described in any of the
embodiments for a use in the prevention or treatment of dysmenorrhea, male or female sexual

20  dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver
cirrhosis, nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder,

autistic spectrum disorders, schizophrenia, and aggressive behavior.

A certain embodiment of the invention relates to a pharmaceutical composition

comprising a compound as described in any of the embodiments.

25 A certain embodiment of the invention relates to a pharmaceutical composition
comprising a compound as described in any of the embodiments, ‘wherein it is useful for the
prevention or treatment of dysmenorrhea, male or female sexual dysfunction, hypertension,
chronic heart fajlure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome,
anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum disorders,

30 schizophrenia, and aggressive behavior.

A certain embodiment of the invention relates to the use of a compound as described in

any of the-embodiments for the preparation of a medicament.



A certain embodiment of the invention relates to a pharmaceutical composition comprising a
compound as described in any of the embodiments. 25A certain embodiment of the invention relates
to a pharmaceutical composition comprising a compound as described in any of the embodiments,
wherein it is H@%ﬁ?ﬁﬂ?fﬁg prevention or treatment of,dysmenorrhea, malepﬁﬁgﬁ?‘éﬂé@@iﬂhl
dysfunction, hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver cirrhosis,

nephrotic syndrome, anxiety, depressive disorders, obsessive compulsive disorder, autistic spectrum
disorders, 30 sc&&&ﬁ%ﬁ’ﬂ&% H“‘é}agﬁfe@&\}’é‘fﬁ’é‘ﬁ%% SV ﬂsﬁﬁiﬁﬁ%%ﬁgp%%@fféé’éggﬁ -29-
A certain emybddiraembefitmeniventibn ekaws oo tia osslichaevmpaune Hs deshetiaeninarpiol the
embodimentsies thepigparasionehmeedicamenicyharain thasnedicament istisefdhigtibeon,

prevention . ieatmet abdSHEROEIRR. Male 86 female aexual dysfuneion.yrsdiensign, ghronic

heart failure, iInappropriate secretion of vasopressin, ljver cirrhosis, 5 nephrotic syndrome, anxiety,
depreésivBBBESP&eFé’f’%&%sﬁf@”&%ﬂ?l%ﬁ%‘ﬁ?sdf‘ﬁ%rﬁeéﬁtigﬁéegﬁﬁﬁtrﬁ?ﬁl 1Y S e P Uiz dBHMERia, and
aggressivepbeitavidisorden, seriaimloniyo ditf éaeshihve iieNtion relates to the use of a compound as
described in any of the embodiments for the prevention or treatment of dysmenonthea, male or female
sexual dysfunctidngdnigme ehsibmechrdrile hiwantiai urdgtinapphopriatefsecretiomuol yadoprassing liver 10
cirrhosis, &%PB%QIEE &Mﬂﬁtfﬁﬁeﬁss%xiﬁw%ﬁ@@ﬁﬁ@ﬁiwtﬂi&@ﬁ@@ of @?&ﬂéﬁ%@&rﬂﬁ@gsdv_@cﬂiﬁléf%&rr‘ua@UtiStiC
spectrum disprders izaphrenia,.and ssjve hehavior, . A certain e i .

venton Lo 8t A i SRR e e e
or ferHale SBRASPAPSAITATORY AYTERte e SeHTERTics HEart Rarres inAppTopT At satytior B der
vasopressingdivespeiruosissorepiw otiti syrideomeiniS grizietys delprassive disorders, obsessive
compulsive disorder, autistic spectrum disorders, schizophrenia, and aggressive behavior, which
method comprisés @emimistérdgreconipbel ickastidefiréden any ithtieéMibotliiméatsptatic hudian being

or animal.,. R GeHRIMPHIment. the-compoinds abfrsmulah,of thadmventiomeattision,
manufactuggd ac ordigaq to a.process.com risingt e ste of.reqctin%.a_compoundg ormula Il 20
e 1 FASoNh Brvori RITES

NI-2 with @COMpStnd ot formata P fo“é%t%gm‘)g EEMBEUAG Of Tormala | wharam ‘And R3 are

as defhedHardinalseUs SO fFOMANIE'S, \WICP SO /AT3RBTYPE BRI 1 95630 FRegum  disorders,
schizophrenia, and aggressive behavior, which method comprises administering a compound as

defined in any if the embodiments to a human being or animal.

In a certain embodiment, the compounds of formula I of the invention can be

manufactured according to a process comprising the step of reacting a compound of formula I

RS

20

with.a compound of formula IIT

N1
R
to obtain a compound of formula T wherein R', R* and R? are as defined hereinabove for

formula I

25 The processes are described in more detail with the following general schemes and

procedures A to F.



[l Scheme 1: General Scheme A Compounds of formula | can be prepared by thermal
condensation of a hydrazide of formula Il and a thiolactam of formula Ill. The synthesis of compounds
of formula Il is outlined 5 in general schemes D-F hereinafter. Compounds of formula Il can be
prepared foll ¥ e ifdcedures described in gengyal scheme C as des&BT He il idRkr. General
scheme A is hereinafter further illustrated with general procedure VIIl. 1) R'R"C(=0), solvent 2)
reducing agent R' = H, Ca-alkyl, optionally substituted, R" = Ccalkyl, optionally substituted, or R' and

R" form toge an optignally substituted cycloalkyl,janga+b are slaRoPr R1- m: se, solvent or
R"C(=0)0H, co g r%‘ént, solvent Sche engral Schepg, B 10Compounds< I{Tmula | with
RI different from prepared ffbm c ofy

4 i N \/S
R’ N,

R

1

11 1 I
Scheme 1: General Scheme A

Compounds of formula I can be prepared by thermal condensation of a hydrazide of

formula H and a thiolactam of formula III. The synthesis of compounds of formula II 1s outlined

5 in general schemes D-F hereinafter. Compounds of formula III can be prepared following the

procedures described in general scheme C as described hereinafter. General scheme A is
hereinafter further illustrated with general procedure VIIL

3

R
UYN i R3

NJSN — )
. N ‘S

¥O R* N,

0 H

k1 12
1) RR"C(=0), solvent R N _ i
2) reducing agent R'=H, C,-alkyl, optionally substituted,
.- /NN R" = _-alkyl, optionally substituted,

or N-4 or R and R” form together an
RI-LG, base, solvent /CQ, optionally substituted cycloalkyl,
or R’ N, and a-+h are </= 5.
R"C{=0)OH, coupling R
reagent, solvent 1

Scheme 2: General Scheme B

10 Compounds of formula T with R’ different from I can be prepared from compounds of
formula -2 (compounds of formula I wherein R is H) according to methods known in the art,
e.g. by treating a2 compound of formula I-2 with an inorganic base such as a carbonate salt or an
organic base such as a tertiary amine and an electrophilic reactant R'-LG (wherein LG is a
leaving group like. halogen or sulfonyl) which is either commercially available or easily
15 prepared according to methods and starting materials well known in the art. Alternatively,
compounds of formula I can be obtained via reductive alkylation by consecutively treating a
compound of formula I-2 with a ketone or aldehyde and a suwitable reducing agent like a

borohydride derivative such as sodtum borohydride, sodium cyanoborohydride or sodium



formula 1-2 (compounds of formula | wherein Rl is 11) according to methods known in the art, e.g. by
treating a compound of formula 1-2 with an inorganic base such as a carbonate salt or an organic
base such as a tertiary amine and an electrophilic reactant RI-LG (wherei -z is,34 /62410 group like,
halogen or s“’f?o%%l/f’f]\x/ %th is either commercially ayailable or easily 15 prepared according to methods
and starting materials well known in the art. Alternatively, compounds of formula | can be obtained via
reductive alkylation by consecutively.tregti imulak-2 witk Qraldghyde
and a suitaf ét?éo%(%:ri(%a' glé(zcht' |t[_%ma¥t13‘(f)% _h)‘?dri g‘%@%ﬁ%ﬁﬁiﬁ%@%?ﬁ%ﬁﬂ%% I;sf(l)dium
cyanobo%%ﬂﬁ@%?@édmWW@%%%@%%*@F%W@/@%%@@C 5 acStoxyborofydride.
Alternatively, peompoduknissof fotheuld ¢antwhishl 10 effecathaeptigedigypbiag: @Wﬂﬁfgc% {8EBYAcoupling
an amineof formaulapliRAith AisarhevimacishsEhediRialreaganpisiandiietochld ksiowméthtide art can
be used tgf.effe“%t&% am '88&%‘%%&% OmRgynds of Sarmilad; 2R e chiainadbielsavage of the
substitueitRY bt'a compouncfo ormula | using methods 5 kngown |{1 tp? rt. Com ouInPIs oflfolrmula
1-2 are coHOEPRSIStRABTITERIERAY g&ﬁ*@?ﬂﬁ@#@@%‘é@%ﬂgfm&g SqUEBTIR WOrk-Up by treatment of
compounitswafiteriitiardr-hcompobodd of fdranisid i whidatRg selient BloRyeasHRY Wit acid in a
suitable sglveatliksmathangsulehonicasid i dighiormmethane iartetahytrGiuranl ochydedBtitoric acid

in methanol. Geperal scheme B is, hereipafter; further llustratedwith general procedures IX and X. 02
cCIpa s 2t W DL BRI ¥
SOCI2, E%W&zﬁﬁg%%ﬁrﬁ éﬁ/c?nee ethylester f%{/!drochlorlde, NO2 Et3NNO2 EtOH, reflux
SOCL,, glycine ethyl ester
Et,N hydrochloride,
No, Ml NOo, EGN NO,
/@ 2 RT /@ EtOH, reflux /@
2z e 2 - 2 0
R R R
OH Cl1 uN A N
a b c
(BOO),0 2 eq.), H. ZnBr
2? 27
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0°CtoRT R 0 ¢ R> 0
et s
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d Lawesson's e
-BuOK reagent -
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H
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R Nk‘O ),CX
g X O
f -1
10
Scheme 3: General Scheme C
A thiolactam of formula -1 (compounds of formula I in which R! is rert-
butoxycarbonyl) can be obtained as follows: Transformation of a 2-nitrobenzyl alcohol of
formula a to a benylic chloride of formula b can be affected by a chlorinating reagent such as
15 thionyl chloride in the presence of an organic tertiary amine base. Alkylation of a compound of

formula b with glycine ethyl ester hydrochloride in the presence of an organic tertiary amine

base and N-protection of the resulting compound of formula ¢ using di-tert-butyl dicarbonate and

a catalytic amount of 4-N,N-dimethylaminopyridine gives compounds of formula d. The nitro

group can be reduced selectively by hydrogenation over palladium or platinum on charcoal,



0 OHCI Scheme 3: General Scheme C A thiolactam of formula I11-1 (compounds of formula 11l in
which le is fen- butoxycarbonyl) can be obtained as follows: Transformation of a 2-nitrobenzyl alcohol
of formula a to a benylic chloride of formula b can be affected by a chloripatingphgpggRisuch as 15
thionyl chlorfg® ! ﬁl,g Yesence of an organic tertiagy.amine base. Alkylation of a compound of formula
h with glycine ethyl ester hydrochloride in the presence of an organic tertiary amine base and

N-protecti f th resultl o nd of f n byl ficarhanate iangd-a-gatadytic
amount 0‘1’?23(1% dlméltll?y a%nln?p‘)%ﬁ%fng%%\%gﬁélm%uﬁg%%@ 15?E)ﬁrn Ig dé?r@r{e mE{ﬁ grogguggp &e

reduced 9@I@EW€W%MH?6@%‘?1&%?FW& f rpiA nY hareoa
2011/1348%#32 RGHERIOH105683 et diers b@éh%@étﬁéatédcm%r%fﬁ@%dﬁd@’8{?&?%1505nc
bromide, MM@ fRiing é@%@fﬂ@@@@t%@té&rmacmma@mmmmh Do fisgohiaved by

treatment of c oundns1 o£ aa{t glewtlh AsH %JI% e pase, e.g. potassium tert-butoxide, in
tetrah@drBﬂ?ﬁg ORthfoIadt ??ormula [1l-1 1s’obtained by treatment of a compound of formula f with
Lawesson's reagent or R =Me, Et
Q R™ = Me, Et, 1-Bu
HO {COCI),, cat. DMF 1 X =halogen
OR = OR
T CH,Cl,, RT 1
v \%
((CH,),CCO),0, e % cat. 1§>d(F:th,,?4
cat. Pd(OAc),/ PN B(OH), TN 7nX g%ﬁlyﬁofu1m
(4-MeOCH ), P (1:2) [uj W iIJ W
H,0, THF Vv v
60 °C . b
o
e i B
wOH H,NOH.HC1 BnSH
X N NaOAc tBuOK
T -
[“]‘v'"w OR ROH, RT THF, RT
0O
Vil VIII
KOR™, THF, RT 1) 8O,Cl,, CH,Cl,, RT l
2) NH, in EtOH, THF, RT
YN YN
,‘ MOR Tm«O!{
UpW 5 U. W 0
X-1(Y=0) X-2(Y=S)

T,U,V,W = C-Ra or N, with Ra= H, OH, halogen, cyano, C1- 6-alkyl, Cl-6-alkoxy,
halogen-C1-6-alkyl, halogen-C1-6-alkoxy or hydroxy-C1-6-alkyl



5 phosphorous pentasulphide at elevated temperature. [IVV ((Cl112)3CC0)20,X cat. Pd(OAc)2/
(4-Me0C6H4)3P (1:2) U. .W H20, THEV' 60Ca "- u. .wv. cat. Pd(PPh3)4 tetrahydrofuran RI
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Scheme 4: General Scheme D

4-Aroyl-cyclohexanecarboxylic acid ester intermediates of formula VI can be prepared
by coupling a cyclohexane-1,4-dicarboxylic acid monoester of formula IV with an aryl or
heteroaryl boronic acid of formulz g in the presence of a carboxylic acid anhydride such as
trimethylacetic anhydride and a suitable palladium catalyst such as a mixture of palladium(I)
acetate and a phosphine ligand, e.g. tris(4-methoxyphenyl)phosphine, in tetrahydrofuran
containing a small amount of water at 60 °C. Alternatively, 4-aroyl-cyclohexanecarboxylic acid
ester intermediates of formula VI can be synthesized by coupling a 4-chlorocarbonyl-
cyclohexanecarboxylic acid ester of formula V, which can be obtained from a cyclohexane-1,4-
dicarboxylic acid monoester of formula IV by methods known in the art for the conversion of
carboxylic acids to carboxylic acid chlorides such as treatment with thionyl chloride or oxalyl
chloride and a catalytic amount of N,N-dimethylformamide, with an aryl or heteroaryl zinc
halide of formula h in the presence of a suitable palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0) in tetrahydrofuran at room temperature. Treatment of a
4-aroyl-cyclohexanecarboxylic acid ester intermediate of formula VI with a mixture of
hydroxylamine hydrochloride and sodium acetate in a suitable alcohol at room temperature gives
rise to an oxime intermediate of formula VII, which is usually obtained as an £/Z mixture. An
oxime intermediate of formula VII can be cyclized to an aryl or heteroaryl isoxazole
intermediate of formula IX-1 by treatment with a potassium alkoxide base in tetrahydrofuran at
room temperature. Alternatively, treatment of a 4-aroyl-cyclohexanecarboxylic acid ester
intermediate of formula VI with benzyl mercaptane and potassium feri-butoxide in
tetrahydrofuran at room temperature leads to a benzyl ether of formula VIII, which can be
cyclized to an aryl or heteroaryl isothiazole intermediate of formula IX-2 via consecutive S-
debenzylation with sulfuryl chloride in dichloromethane at room temperature and treatment with
an ethanolic solution of ammonia in tetrahydrofuran at room temperature. General scheme D is

hereinafter further illustrated with general procedures I'to V.

OR



VI VII WO 2011/134877PCT/EP20111056391 -33- Scheme 4: General Scheme D
4-Aroyl-cyclohexanecarboxylic acid ester intermediates of formula VI can be prepared by coupling a
cyclohexane-1,4- dlcarboxyllc acid monoester of formula IV with an aryl or. rﬁg%m{y qnlc acid of
formula g in YFI% %ﬁégéﬁ%g of a carboxylic acid anhyglfide such as 5 trlmeth acetic anhy ride and a
suitable palladium catalyst such as a mixture of palladium(ll) acetate and a phosphine ligand, e.g.
tris(4-methoxyphenyl)phosphine, in tetrahydrofyan containin small amount of waﬁer at 60 C.
Alternatively, 4-aroyl-cyclohexanecarboxylic acidl ester |ﬁfe1?1ﬁ4%% 1of formula VI can be synthesized
by coupling a 4-ch|orocarbony|cyc|ohexanec lic a(ﬂstWOﬁ%%ula V, whi be obtained
from a cyclohexane-1,4- 10 dicarboxylic acid mgadester of, foragwula [\ thods n in the art for

the conversion of carboxylic acids to carboxylic fcid chl ﬁ%%%?%%%&em witli.thionyl chloride
or oxalyl chloride and a catalytic amount of R(\- d@hethy rr’”harmde with an aryl®Pheteroaryl zinc
halide of formula h in the presence of a swtablq;palladl tﬁwgf(such as X-b
tetrakis(triphenylphosphine)palladium(0) in tetrahydrofuran at room temperature. Treatment of a 15
4-aroyl-cyclohexanecarboxylic acid ester intermediate of formula VI with a mixture of hydroxylamine
hydrochloReeMndEsodium acetate in a suitable alcohol at room temper%q@agmes rise o an oxime
intermediate of formula VII, which is usually obtalned as,an Eli mlxtureiarhg;gggg merinedlate of
formula VIl can be cycllzed to an aryl or heteroaryl is 8xazole intermediate of formula 1§-1 by treatment
with a potassium alkoxide base in tetrahydrofuran at 20 room temperature. Alternatively, treatment of a
4-aroyl-cyclohexanecarboxylic acid ester intermediate of formula VI with benzyl mercaptane and
potassmm terRButomdng}t@tl)@hydrofurarRét room temaérature Igzaﬂlsatgﬂ benzyl eth@r of formula vil,

5- debenzyla
an ethanolic
hereinaftehfg Y

X-a X-a Kb X-b
Scheme 3; General Scheme E

Cis/trans mixtures of 4-heteroaryl-cyclohexane carboxylic acid ester intermediates of

formula IX can in some cases be separable by the usual methods such as silica gel column or

5 high performance chromatography or crystallization into pure cis-4-heteroaryl-cyclohexane
carboxylic acid ester intermediates of formula IX-a and trans-4-heteroaryl-cyclohexane
carboxylic acid ester intermediates of forrnula IX-b, which can be saponified to pure cis-4-
heteroaryl-cyclohexane carboxylic acid intermediates of formula X-a and frans-4-heteroaryl-
cyclohexane carboxylic acid intermediates of formula X-b under standard conditions such as

10  stiring in a mixture of aqueous sodium hydroxide solution and an etheral solvent such as 1,4~
dioxane, tetrahydrofuran or diethyl ether a room temperature. Alternatively, frans-4-heteroaryl-
cyclohexane carboxylic acid intermediates of formula X-b can be obtained by epimerization of

the cis isomer of cis/trans-mixtures of 4-heteroaryl-cyclohexane carboxylic acid ester
intermediates of formula IX using a suitable base, e.g. an alkali metal alkoxide such as sodium or

15 potassium methylate or ethylate, in a suitable solvent such as methanol, ethanol or toluene at
reflux followed by saponification of the crude reaction mixture, which can consist of a mixture

of a trans-4-heteroaryl-cyclohexane carboxylic acid intermediate of formula X-b and a trans-4-
heteroaryl-cyclohexane carboxylic acid ester intermediate of formula IX-b, under standard
conditions such as stirring in a mixture of aqueous sodium hydroxide solution and an etheral

20 solvent such as 1,4-dioxane, tetrahydrofuran or diethyl ether at room temperature. In case the
epimerization reaction was carried out in an alcohol as solvent, the crude reaction mixture can
alternatively be acidified by the addition of concentrated sulfuric acid and heated to reflux to

obtain a rrans-4-heteroaryl-cyclohexane carboxylic acid ester intermediate of formula IX-b.



R = Me, Et separation 2M NaOH, 1,4-dioxane, RT Scheme 5: General Scheme E Cis/trans
mixtures of 4-heteroaryl-cyclohexane carboxylic acid ester intermediates of formula IX can in some
cases be separable by the usual methods such as silica gel column or 5 high performance
chromatograwglrlé Allization into pure cis-4-hggeroaryl-cyclohexane 8’2} f §ﬁ%“§8f39éster
intermediates of formula 1X-a and trans-4-heteroaryl-cyclohexane carboxylic acid ester intermediates
of formula IX-b, which can be saponified to pure,Gig-fifaeteroaryl-cyclohexane carboxylic acid
intermediates of formula X-a and trans-4-heterogylexclptigxane carboxylic acid intermediates of
formula X-b under standard gonditions such as 3Pistimngin a mixure of aqueous sodium hydroxide
solution and an etheral soltf diethyl ether a room
temperature. Alternatively, tra hetanoarylcyclohexane garboxylic acigrinetnediates of formula X-b
can be obtained by epimerization of the cis isomer of cis/trans-mixtures of 4;heteroaryl-cyclohexane
carboxylic acid ester intermediatesrof formula IX using a suitable base t&}. an alkali metal alkoxide
such as sodium or S potag ium methylate or ethylate, in a suitable solvegt such as methanol ethanol
or toluene at reflux followe y saponification of the crude reactipn mixture, which can consist of a
mixture of a trans-4-heteroaryl-cyclohexang carboxylic acid int m 9{ t fl glo(gfn%%té-b and a trans-4-
heteroaryl-cyclohexane carbpxyli acigdlgstex intermediate of rmETq\EYEF;%{, Hsé)er standard conditions
such as stirring in a mixture ofadjueaus ROdium hydroxide s Iutioa éﬁ”%&? étlﬂe(rﬂlugo solvent such as

1,4-dioxane, tetrahydrofuran or diethyl ether atfroom température 3 ﬁeyeplm’erization reaction
was carried out in an alcohol as solvent, the crude reaction mixture can’alternatively be acidified by the
addition of concentrated sulfuric acid and heateld X to obtain a trans-4-heteroaryl-cyclohexane
carboxylic acid ester intermediate of formula TX-b. 0%3/134877PCT/EP2011/056391 -35-

hydrazine hydrate, neat or in n-BuOT]I, 120C Ol

X
Scheme 6: General Scheme F

A 4-heteroaryl-cyclohexanecarboxylic acid ester intermediate of formula IX can be

converted to a hydrazide of formula 1T by heating with hydrazine hydrate. Alternatively, an ester

5 of formula IX can be hydrolyzed to a carboxylic acid of formula X using a biphasic mixture of
aquecus sodium or potassium hydroxide solution and an etheral solvent such as dioxane,
tetrahydrofuran or diethyl ether. A hydrazide of formula I can be obtained by activating an acid
intermediate of formula X, e.g. with ethyl chloroformate, thionyl chloride, oxalylchloride or a
peptide coupling reagent, and subsequent coupling with hydrazine. (General scheme F is

10 hereinafter further illustrated with general procedures VI and VIL

The corresponding pharmaceutically acceptable salts with acids can be obtained by
standard methods known to the person skilled in the art, e.g. by dissolving the compound of
formula I in a suitable solvent such as e.g. dioxan or THF and adding an appropriate amount of
the corresponding acid. The produets can usually be isolated by filtration or by chromatography.

15  The conversion of a compound of formula I into a pharmaceutically acceptable salt with a base
can be carried out by treatmnent of such a compound with such a base. One possible method 1o
form such a salt is e.g. by addition of 1/n equivalents of a basic salt such as e.g. M(OH),,
wherein M = metal or ammonium cation and n = number of hydroxide anions, to a solution of
the compound in a suitable solvent (e.g. ethanol, ethanol-water mixture, tetrahydrofuran-water

20 mixture) and to remove the solvent by evaporation or lyophilisation.

Insofar as their preparation is not described in the examples, the compounds of formula [ as

well as all intermediate products can be prepared according to analogous methods or according
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Scheme E A 4-heteroaryl-cyclohexanecarboxylic acid ester intermediate of formula IX can be
converted to a hydrazide of formula Il by heating with hydrazine hydrate. Alternativelal an ester 5 of
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60mg Yttrigusiigatr BRAReads(Amatsharadri)-8reamixed withran aliguot ehmesomae inibinding
buffer (50 ;i ate SPA beads (Amersham®) are mixed with an aliquot of membrane in binding buffer (50
25  mM Tris, 120mM sodium chloride, 5 mM potassium chloride, 2 mM calcium dichloride, 10 mM '

magnesium dichloride) for 15 minutes with mixing. 50ul of bead/membrane mixture is then
added to each well of a 96 well plate, followed by 50ul of 4 nM 3iI-Vasopressin (American
Radiolabeled Chemicals). For total binding measurement 100ul of binding buffer are added to
the respective wells, for non-specific binding 100ul of 8.4mM cold vasopressin and for
30 compound testing 100ul of a serial dilution of each compound in 2% dimethyl sulfoxide. The
plate is incubated 1h at room temperature, centrifuged 1 min at 1000g and counted on a Packard
Top-Count. Non-specific binding counts are subtracted from each well and data is normalized to
the maximum specific binding set at 100%. To calculate an ICsq the curve is fitted using a non-

linear regression model (XLfit) and the Ki is calculated using the Cheng-Prussoff equation.

35 The following representative data show the antagonistic activity against human Vla

receptor of compounds according to present invention.
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Table 3: human Via pKi of selected examples

Pharmaceutical Compositions

The compounds of formula I as well as their pharmaceutically acceptable salts can be
used as medicaments, e.g. in the form of pharmaceutical preparations. The pharmaceutical
preparations can be administered orally, e.g. in the form of tablets, coated tablets, dragées, hard
and soft gelatin capsules, solutions, emulsions or suspensions. The administration can, however,
also be effected rectally, e.g. in the form of suppositories, or parenterally, e.g. in the form of

injection solutions.

The compounds of formula I and their pharmaceutically acceptable salts can be processed
with pharmaceutically inert, inorganic or organic excipients for the production of tablets, coated
tablets, dragées and hard gelatin capsules. Lactose, corn starch or derivatives thereof, talc, stearic
acid or its salts etc can be used as such excipients e.g. for tablets, dragées and hard gelatin
capsules. Suitable excipients for soft gelatin capsules are e.g. vegetable oils, waxes, fats,

semisolid and liquid polyols etc.

Suitable excipients for the manufacture of solutions and syrups are ¢.g. water, polyols,
saccharose, invert sugar, glucose etc. Suitable excipients for injection solutions are e.g. water,
alcohols, polyols, glycerol, vegetable oils etc. Suitable excipients for suppositories are e.g.

natural or hardened oils, waxes, fats, semi-liquid or liguid polyols etc.

Moreover, the pharmaceutical preparations can contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, {lavorants, salts for varying the
osmotic pressure, buffers, masking agents or antioxidants. They can also contain still other

therapeutically valuable substances.

The dosage can vary within wide limits and will, of course, be fitted to the individual

requirements in each particular case. In general, in the case of oral administration a daily dosage
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of about 10 to 1000 mg per person of a compound of formula I should be appropriate, although
the above upper limit can also be exceeded when necessary.

Examples of compositions according to the invention are, but are not limited to:

Example A

5 Tablets of the following composition are manufactured in the usual manner:

ingredient mg/tablet
5 25 106 500

1. compound of formula I 5 25 100 500

2. lactose 43 105 30 150

3. corn starch 15 | 6 16 60
4. microcrystalline cellulose 34 30 30 450

5. magnesium stearate 1 1 1 1

total 100 167 167 831

Table 4: possible tablet composition
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Manufacturing Procedire

Mix ingredients 1, 2, 3 and 4 and granulate with purified water,
Dry the granules at 50°C.

Pass the granules through suitable milling equipment,

PR 2

Add ingredient 5 and mix for three minutes; compress on a suitable press.

Example B-1

Capsules of the following composition are manufactured:

ingredient | mg/capsule

5 10 25 100 300
1. compound of formula 1 5 10 25 100 500
2. lactose 159 155 123 148 |-
3. corn starch 25 30 | 35 40 70
4. taic 16 5 15 10 25
5. magnesjum stearate 1 - 2 2 5
total 200 200 200 300 600

Table 5: possible capsule ingredient composition

Manufacturing Proceditre

1 Mix ingredients 1, 2 and 3 in a suitable mixer for 30 minutes.
2. Add ingredients 4 and 5 and mix for 3 minutes.
3. Fill into a suitable capsule.

The compound of formula L lactose and corn starch are firstly mixed in a mixer and then in
a comminuiing machine. The mixture is returned to the mixer, the talc (and magnesium stearate)
is added thereto and mixed thoroughly. The mixture is filled by machine into suitable capsules,
e.g. hard gelatin capsules.
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soybean oil 110

total 165

Table 6: possible soft gelatin capsule ingredient composition

ingredient mg/capsule
gelatin 75

ghycerol 85 % 32

karion 83 8 {dry matter)
titanium dioxide 0.4

iron oxide yellow 1.1

total 116.5

Table 7: possible soft gelatin capsule composition
5 Manufacturing Procedure

The compound of formula 1 is dissolved in a warm melting of the other ingredients and the
mixture is filled into soft gelatin capsules of appropriate size. The filled soft gelatin capsules are

treated according to the usual procedures.



of about 10 to 1000 mg per person of a compound of formula | should be appropriate, although the
above upper limit can also be exceeded when necessary. = Examples of compositions according to

the invention are, but are not limited to: Example A 5 Tablets of the followyi itjop are
manufacturetl FPRE G manner: ingredient mg/taplet 5 25 100 500 1%@%‘3@%@3 %{r]mula 1525
100 500 2. lactose 45 105 30 150 3. com starch 15 6 6

Example C

Suppositories of the following composition are manufactured:

ingredient me/supp.
compound of formula I 15
sUppository mass 1285
total 1300

Table 8: possible suppository composition
Manufacturing Procedure

5 The suppository mass is melted in a glass or steel vessel, mixed thoroughly and cooled to
45°C. Thereupon, the finely powdered compound of formula I is added thereto and stirred until it
has dispersed completely. The mixture is poured into suppository moulds of suitable size, left to
cool; the suppositories are then removed from the moulds and packed individually in wax paper
or metal foil.

10 Example D

Injection solutions of the following composition are manufactured:

ingredient mg/injection solution.
compound of formula I 3

polyethylene Glycol 400 150

acetic acid g.s. ad pH 5.0

water for injection solutions ad 1.0 ml

Table 9: possible injection solution composition
Manufacturing Procedure

The compound of formula I is dissolved in a mixture of Polyethylene Glycol 400 and water

15 for injection (part). The pH is adjusted to 5.0 by acetic acid. The volume is adjusted to 1.0 miby

addition of the residual amount of water. The solution is filtered, filled into vials using an
appropriate overage and sterilized,



60 4. microcrystalline cellulose 34 30 30 450 5. magnesium stearate 1 1 1 1 total 100 167 167 831
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Example E
Sachets of the following composition are manufactured:
ingredient mg/sachet
compound of formula I 50
lactose, fine powder 1015
microcrystalline cellulose (AVICEL PH 102) 1400
sodium carboxymethyl cellulose 14
polyvinylpyrrolidon K 30 10
magnesium stearate 10
flavoring additives I
total 2500
Table 10: possible sachet composition
Manufacturing Procedure

5 The compound of formula I is mixed with lactose, microcrystalline cellulose and sodium

carboxymethyl cellulose and granulated with a mixture of polyvinylpyrrolidone in water. The

granulate is mixed with magnesium stearate and the flavoring additives and filled into sachets.

Examples

The following examples are provided for illustration of the invention. They should not be

10 considered as limiting the scope of the invention, but merely as being representative thereof.

Intermediate of formula (V)

trans-4-Chlorocarbonyl-cyclohexanecarboxylic acid methyl ester

15 To a solation of rrans-1.4-cycloxanedicarboxylic acid monomethylester (2.0 g, 11 mmol) in

dichloromethane (30 ml) was added oxalyl chloride (1.1 ml, 13 mmol) and a catalytic amount of



3. Pass the granules through suitable milling equipment. 5 4.Add ingredient 5 and mix for three
minutes; compress on a suitable press. Example B-1 Capsules of the following composition are

manufactured: in redlent mg/capsule 510 25100 500 1. compound of formula | 5 10 25 100 500 2.
lactose 159 i’%%l? ua PCT/EP2011/056391

N.N-dimethylformamide at (-5 °. The cooling bath was removed, and the reaction mixture was

stirred for 24 h at room temperature. After evaporation of the solvent the residue was triturated in

n-hexane (100 ml). The precipitate was removed by filtration. The filtrate was concentrated in

vacuo to give the title compound (2.2 g, quantitative) as colorless oil which was used in the next
5 step without further purification.

4-Aroyi-cvclohexanecarboxvlic acid ester intermediates of formula VI

General procedure (I): Negishi coupling

To a solution of an aryl or heteroaryl bromide (1 eq) in dry tetrahydrofuran (0.2 M) is added a
2M isopropyl magnesium chloride solution in tetrahydrofuran (1.05 eq) at 0-5 °C. The cooling
10 bath is removed and the reaction mixture is stirred for 1 h at room temperature. A solution of
zinc chloride (2 eq), which is previously dried by melting in vacue followed by cooling under
argon, in dry tetrahydrofuran (1.0 M) is added to the Grignard intermediate. Stirring for 1 h is
followed by addition of 4-chlorocarbonyl-cyclohexanecarboxylic acid methyl ester (1 eq) and
tetrakis{triphenylphosphine)palladium() (0.05 eq). The reaction mixture is quenched with
15  aqueous saturated ammonium chloride solution after 18-24 h and extracted with two or three
portions of an organic solvent such as rert-butyl methyl ether or ethyl acetate. The combined
organic layers are dried over anhydrous sodium sulfate and concentrated to dryness. Purification

by flash-chromatography gives 4-aroyl-cyclohexanecarboxylic acid ester intermediate of formula
VL

20 4-Aroyl-cyclohexanecarboxylic acid ester 1

trans-4-(2-Fluoro-benzovl)-cyclohexanecarboxylic acid methy! ester

Q(O

N

F

The titte compound was obtained as colorless liquid in 32% yield from 1-bromo-2-fluorobenzene
according to general procedure (I). MS m/e: 264 (M™)

25 4-Aroyl-cyclohexanecarboxylic acid ester 2

cis/trans-4-(2-Fluoro-benzoyl)-cyclohexanecarboxylic acid methyl ester (2:1)



3. corn starch 25 30 35 40 70 4. talc 10 5 15 10 25 5. magnesium stearate 1 2 2 5 total 200 200 200
300 600
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A solution of cis/irans-1.4-cycloxanedicarboxylic acid monomethyl ester (2.0 g, 11 mmel), 2-
fluorophenylboronic acid (2.0 g. 14 mmol), tris(4-methoxyphenyl)phosphine (0.76 g, 2.1 mmol)
and palladium(Il) acetate (0.24 g, 1.1 mmol) in tetrahydrofuran (50 ml) and water (0.48 ml, 27
5 mmol) was purged with argon, Addition of trimethylacetic anhydride (3.3 ml, 16 mmol) was
followed by stiring at 60 °C for 20 h. After cooling to room Llemperature palladium
precipitations were removed by filtration over Decalite®. The solvent was evaporated. The
residue was partitioned between ethyl acetate (200 ml) and 1M aqueous sodium carbonate
solution (100 ml). The layers were separated. The organic layer was washed with one 100-ml
10 portion of 2M aqueous sodium carbonate solution. The combined aqueous layers were extracted
with one 100-ml portion of ethyl acetate. The combined organic layers were dried over
anhydrous sodium sulfate and concentrated to dryness. Purification by flash-chromatography
with n-heptane/ethyl acetate as eluent gave the title compound (0.52 g, 18%) as colorless oil.

4-Aroyl-cyclohexanecarboxylic acid ester 3

i5 trans-4-(2,4-Difluoro-benzoyl)-cyclohexanecarboxylic acid methyl ester

FE 0O

N

The title compound was obtained as white solid in 93% yield from 1-bromo-2.4-difluorobenzene
according to general procedure (I). MS m/e: 282 (M")

4-Aroyl-cyclohexanecarboxylic acid ester 4

20 trans-4-(2,5-Difluoro-benzoyl)-cyclohexanecarboxylic acid methyl ester
F O
Qfo
F O

The title compound was obtained as colorless oil in 55% vyield from 1-bromo-2,5-
difluorobenzene according to general procedure (I}. MS m/e: 282 (M)



Table 5: possible capsule ingredient composition Manufacturing Procedure 10 1.Mix ingredients 1, 2
and 3 in a suitable mixer for 30 minutes. 2. Add ingredients 4 and 5 and mix for 3 minutes. 3. Fill into a
suitable capsule. = The compound of formula I, lactose and corn starch are firstl‘}/ mixed in a mixer

and then in av%%ﬁ?wﬁfi‘ffﬁb machine. The mixture ig;keturned to the mixer,]?ﬁwgl% wﬂsdﬁsr%lagnesium

stearate) 15 is added thereto and mixed thoroughly. The mixture is filled by machine into suitable

capsules, e.g. hard gelatin capsgl S. \ﬁlo % 11/134817_7PCEI"4%{F:>. 0111?/0§6391 -40- Table 6: possible
soft gelatin capsule ingredient ¢ %58% o e Og)%épsu eeé’e &tin 75 glycerol 85 % 32 karion

83 8 (dry matter) titanium dioxide 0.4 iron oxide yellow 1.1 total ..
trans-4-(3-Fluoro-pyridine-2-carbonyl)-cyclohexanecarboxylic acid methyl ester

F 0O

and
5 4-Aroyl-cyclohexanecarboxylic acid ester 6

trans-4-(3-Fluoro-pyridine-4-carbonyl)-cyclohexanecarboxylic acid methyl ester

F

To a solution of N,N,N’N’-tetramethylethylenediamine (1.20 g, 10.3 mmol) in diethyl ether (50
ml) at -78 °C was added 1.6M N-butyl lithium solation in n-hexane (6.40 mi, 10.3 mmol).
10 Stirring for 1 h at -20 °C was followed by addition of 3-fluoropyridine (1.00 g, 10.3 mmol) at -78
°C. After stirring at -60 to -70 °C for 3 h a solution of zinc chloride (2.81 g, 20.6 mmol), which
had previously been dried by melting in vacuo followed by cooling under argon, in diethyl ether
(20 ml) was added dropwise at max. -60 °C. The reaction mixture was allowed to warm to room
temperature 45 minutes after completed addition. Addition of
15 tetrakis(triphenylphosphine)palladium(0) (0.59 g, 0.51 mmol) and trans-4-chlorocarbonyl-
cyclohexanecarboxylic acid methyl ester (2.10 g, 10.3 mmol) was followed by stirring for 16 h.
The reaction was guenched with aqueous saturated ammonium chloride solution and the mixture
was extracted with three 100-ml portions of fert-butyl methyl ether. The combined organic layers
were washed with one 50-ml portion of 2 M aqueous sodium carbonate solution and one 530-ml
20 portion of brine, dried over anhydrous sodium sulfate and concentrated to dryness. Separation by
flash-chromatography with n-heptane/ethyl acetate as eluent gave frans-4-(3-fluorc-pyridine-2-
carbonyh-cyclohexanecarboxylic acid methyl ester (0.22 g, 7.9%) as yellow oil and trans-4-(3-
fluoro-pyridine-4-carbonyl)-cyclohexanecarboxylic acid methyl ester (0.23 g, 8.4%) as yellow
solid.
25 trans-4-(3-Fluoro-pyridine-2-carbonyl)-cyclohexanecarboxylic acid methyl ester. MS m/e: 266
((M+H]")
trans-4-(3-Tuoro-pyridine-4-carbonyl)-cyclohexanecarboxylic acid methyl ester. MS m/e: 266
(IM-+H]")



116.5 Table 7: possible soft gelatin capsule composition 5 Manufacturing Procedure  The
compound of formula I is dissolved in a warm melting of the other ingredients and the mixture is filled
into soft gelatin capsules of appropriate size. The filled soft gelatin capsules_are treated according to
the usual prod@ide 340 2011/134877PCT/EP20,£056391 -41- Exampl&‘'C 'SUPPESisNes of the
following composition are manufactured: ingredient mg/supp. compound of formula | 15 suppository

mass 1285 total 1300 Table 8: pgssihle syppository composition Manuyfacturing Procedure 5The
suppository mass is melted in a‘g’%g@’ IR E%F%@é%%ﬁdct %lf?)ﬁ'\sgﬁfyyand cooled to 45C.

Thereupon, the finely powdered compound of formula | is added theretg and stirrgig’ until it has

dispersed comfit&d-Gricharme idipedrear MBYLpHRErIeERR SRS AR ReERL 825 1o cool; the

suppositories are then removed from the moplds gnd packed individually in wax paper or metal foil.
DR
= O
N

To a mixture of lithium chloride (0.55 g, 13 mmol) and magnesium turnings (0.63 g, 26 mmol)
5 in dry tetrahydrofuran (34 ml) was added IM diisobutyl aluminum hydride solution in
tetrahydrofuran (0.10 ml, 0.10 mmol) at room temperature. After stirring for 5 minutes a solution
of 3-bromo-2-chloro-pyridine (2.00 g, 10.4 mmol) in dry tetrahydrofuran {1 ml) was added at (-3
°C, Stirring for 1 h was followed by addition of a solution of zinc chloride (1.42 g, 10.4 mmol},
which had previously been dried by melting in vacuo followed by cooling under argon, in dry
10 tetrahydrofuran (10 ml). After stirring for 1 h the mixture was decanted into another flask by
cannulation under argon. Addition of tetrakis(triphenylphosphine)palladium(0) (0.59 g, 0.51
mmol) and trans-4-chlorocarbonyi-cyclohexanecarboxylic acid methyl ester (2.10 g, 10.3 mmol)
was followed by stirring at room temperature for 18 h. The mixture was partitioned between
ethyl acetate (150 ml) and 0.1M aqueous hydrogen chloride solution (100 ml). The layers were
15 separated. The aqueous layer was extracted with two 100-ml portions of ethyl acetate. The
combined organic layers were dried over anhydrous sodium sulfate and concentrated to dryness.
Purification by flash-chromatography with n-heptane/rerr-butyl methyl cther as eluent gave the

title compound (1.3 g, 46%}) as yellow solid. MS m/e: 282 (IM+H]™"

Oxime intermediates of formula (Vi)

20 General procedure (II): Oxime formation

A mixture of a 4-aroyl-cyclohexanecarboxylic acid ester of formula VI (1 eq), sodium acetate
(2.4 eq) and hydroxylamine hydrochloride (2.4 eq) in an alcohol such as methanol or ethanol
(0.1 — 0.2 M) is stirred at room temperature for 2-24 h. The reaction mixture is optionally
concentrated to dryness or directly partitioned between an organic solvent such as ethyl acetate
25 or tert-butyl methyl ether and 2M aqueous sodium carbonate solution. The layers are separated.
The aqueous layer is extracted with one or two portions of organic solvent. The combined
organic layers are dried over anhydrous sodium sulfate and concentrated to dryness. Purification

by flash-chromatography gives an oxime intermediate of formula VIL
Oxime 1

30 cis/trans-4-{(2-Fluoro-phenyl)-[(E/Z)-hydroxyimino}-methyl}-cyclohexanecarboxylic acid
: methyl ester



10 Example D Injection solutions of the following composition are manufactured: ingredient
mg/injection solution. compound of formula | 3 polyethylene Glycol 400 150 acetic acid g.s. ad pli 5.0
water for injection solutions ad 1.0 ml Table 9: possible injection solution composition Manufacturing
Procedure THEZMPHA of formula | is dissolved jg_a mixture of Polyethffenr el iBiedth and water
15 for injection (part). The pH is adjusted to 5.0 by acetic acid. The volume is adjusted to 1.0 ml by
addition of the residual amount of water. The solutigfys filtered, filled into vials using an appropriate
overage and sterilized. WO 2011/134877Pd‘T/EIb{Z1111/056391 -42- Example E Sachets of the
following composition arc manufactured: in ! achet compound of formula |

0
O«

The title compound was obtained as white solid in 98% yield from cis/trans-4-(2-fluoro-
benzoyl)-cyclohexanccarboxylic acid methyl ester (2:1) according to general procedure (II). MS
m/e: 280 (M+H]M

5 Oxime 2

trans-4-{(2,4-Difluoro-phenyl)-[(E/Z)-hydroxyimino]-methyl }-cyclohexanecarboxylic acid
methyl ester

The title compound was obtained as off-white solid in 97% yield from trans-4-(2,4-difluoro-
10 benzoyl)-cyclohexanecarboxylic acid methyl ester according to general procedure (1I). MS m/e:
298 ([M+H]™)

Oxime 3

trans-4-{(2,5-Difluoro-phenyl)-[(F/Z)-hydroxyimino]-methyl}-cyclohexanecarboxylic acid

methyl ester
E 1\i.OH
O‘YO
F O

15

The title compound was obtained as oft-white solid in 97% yield from trans-4-(2,5-difluoro-
benzoyl)-cyclohexanecarboxylic acid methyl ester according to general procedure (II). MS m/e:
298 ((M=+H]9)

Oxime 4

20 trans-4-{(3-Fluorg-pyridin-2-yi)-[(E/Z)-hydroxyiminol-methyl}-cyclohexanecarboxylic acid
methyl ester



50 lactose, fine powder 1015 microcrystalline cellulose (AVICEL PH 102) 1400 sodium carboxymethyl
cellulose 14 polyvinylpyrrolidon K 30 10 magnesium stearate 10 flavoring additives 1 total 2500 Table
10: possible sachet composition Manufacturing Procedure 5The compound o; for(gr}]]ttﬂg 3'5 mixed with
W3R '
a

lactose, micr‘é’&ﬁgféﬁiﬁg Cellulose and sodium carbggymethyl cellulose an%CgTrg]r% e Wilth a mixture

of polyvinylpyrrolidone in water. The granulate is mixed with magnesium stearate and the flavoring
additives and filled into sachets. Examples Thetfollowing examples are provided for illustration of
the invention. They should not be 10 considered &s limiting the scope of the invention, but merely as

being representative thereof. Intermediate Ui@(
=N O

EN

The title compound was obtained as off-white solid in 97% yield from frans-4-(3-fluoro-
pyridine-2-carbonyl)-cyclohexanecarboxylic acid methyl ester according to general procedure
(). MS m/e: 281 ([M+H]")

5 Oxime 5

trans-4-{(2-Chloro-pyridin-3-yh)-[(E/Z)-hydroxyimino]-methyl}-cyclohexanecarboxylic acid
methyl ester

| N'OH

The title compound was obtained as orange solid in 92% yield from trans-4-(2-chloro-pyridine-
10 3-carbonyl)-cyclohexanecarboxylic acid methyl ester according to general procedure (II). MS
m/e: 297 ((M+H]")

4-Arvlisoxazole-cvciohexanecarboxvlic acid ester intermediates of formuia (1X-1)

Generat procedure (II): Arylisoxazole formation

15 To a solution of an oxime intermediate of formula VII (1 eq) in tetrahydrofuran (0.1-0.2 M) is
added potassium fert-butoxide (1.3 eq) at 0 °C. The cooling bath is removed 15 minutes after
completed addition, and the reaction mixture is stirred for 2-24 h at room temperature. The
reaction mixture is partitioned between an organic solvent such as ethyl acetate or terr-butyl
methyl ether and water. The layers are separated. The agueous layer is extracted with one or two

20 portions of organic sotvent. The combined organic layers are dried over anhydrous sodium
sulfate and concentrated to dryness. Purification by flash-chromatography gives a 4-
arylisoxazole-cyclohexanecarboxylic acid ester intermediate of formula (IX-1).

4-Arylisoxazole-cyciochexanecarboxylic acid ester 1

trans-4-(6-Fluoro-benzoldJisoxazol-3-yl)-cyclohexanecarboxylic acid methy! ester



trans-4-Chlorocarbonyl-cyclohexanecarboxylic acid methyl ester WO
2011/134877PCT/EP2011/056391 -43- N,N-dimethylformamide at 0-5 . The cooling bath was
removed, and the reaction mixture was stirred for 24 h at room temperatuigg,r&g%%ﬁaﬁgg{fation of the
solvent the &SRB AHE Hiturated in n-hexane (10Qyml). The precipitate was removed by filtration. The
filtrate was concentrated in vacuo to give the title compound (2.2 g, quantitative) as colorless oil which

was used in the next 5 step without further purificatign. 4-Aroyl-cyclohexanecarboxvlic acid ester
@

intermediates of formula VI General procedur¢ N(;'gsishi coupling To a solution of an aryl or
heteroaryl bromide (1 eq) in dry tetrahydrofurar0.2"M) is added a 2M isopropyl magnesium chloride
solution in tetrahydrofuran (1.05 eq) at 0-5 C. The cp6lirg 10 bath is removed and the reaction mixture
is stirred for 1 h at room temperature A solution of z loride (2 eq), which is previously dried by
melting in vacuo followed by cooling under argon, in dry tetrahydrofuran (1.0 M) is added to the
Grignard intermediate. Stirring for 1 h is followed by tibn of
4-chlorocarbonyl-cyclohexanecarboxylic acid methyl ester (1 eq) and
tetrakis(triphenylphosphine)palladium(0Q) (0,05 eq). The reaction mixture is guenched with gueous
saturated HiaidhARRRAIRH AR s SRIBSA I SE-D W ﬁf’r&é‘?é‘&l\%}i’tﬁet%%%ﬁt r?’ére’ap"“'oSFtBi'o 5’43‘ an
organic saifentspbngs-ERBuyImethyisthercdrétyiciiaempccrordifbinsiorgapiiay &icare dried
over anhygous: Sodiuahsulfatecanscomsentsatee wrgliypess) Purification by flash-chromatography
gives 4-aroy|-cycfohexartecarboxylic acid ester intermediate of formula VI.

204-A yI-cycIohexanecarbo&ﬂi&,gg&&gﬁgr&gm%@&h&mi@gm@émyclohexanecarboxylic acid

methyl ester aro 0" The title compound was obtained as colorless liquid in 32% yield from

l'bromo'z'ﬂuO[r%?—%&']Pl§899~'ﬁﬁﬁ%fg]&§9§£@f-@-r;§t?l‘?-%9H%@Qaﬁé@ai‘ﬁ/@iﬂi@‘h&mn)ethyl ester

254-Aroyl-cyclohexanecarboxylic acid ester 2 cis/trans-4-(2-Fluoro-benzoyl)-cyclohexanecarboxylic.
acid methyl ester (2:1) WO 2011/134877PC'E§D§11056391 44-
F

/s
o’ 0

The title compound was obtained as white solid in 52% yield from trans-4-{(2,5-difluoro-
phenyl){(E/Z)—hydroxyimino]—methyl}—cyc].ohexanecarboxylic acid methyl ester according to
10 general procedure (I11). MS m/e: 278 ((M+H]")

4-Arylisoxazole-cyclohexanecarboxylic acid ester 3

trans~4-Isoxazolo[4,5-b Jpyridin-3-yi-cyclohexanecarboxylic acid methyl ester

The title compound was obtained as off-white solid in 71% yield from trans-4-{ (3-fluoro-
15 pyridin—Z—yl)—[(E/Z)-hydroxyimino]—m.ethyl}-cyclohexanecarboxylic acid methyl ester according
to general procedure (I1I). MS m/e: 261 (M+H1H

4-Arylisoxazole-cyclohexanecarboxylic acid ester 4

trans-4-Isoxazolo[5,4-bipyridin-3-yl-cyclohexanecarboxylic acid methy! ester



A solution of cisitrans-1,4-cycloxanedicarboxylic acid monomethyl ester (2.0 g, 11 mmol), 2-
qu?I)r(()jpher(ll)I/)lboronic a(cid (2.0 g, 14 mmol), tris(4-methoxyphenyl)phosphine (036 g, 2.1 mmol) and
palladium(ll) acetate (0.24 g, 1.1 mmol) in tetrahydrofuran (50 ml) and w L 5m

purged with ¥Q&H1AHFton of trimethylacetic an%;g@l)[jde (3.(3 ml, 16 mmoastsv{\;a&s}’ ?}cﬁjom\)\:;g%zby stirrnrmzyvg?s
60 C for 20 h. After cooling to room temperature palladium precipitations were removed by filtration
over Decalite0. The solvent was evaporated. Jie rgsidue was partitioned between ethyl acetate (200
ml) and 1M aqueous sodium carbonate solu(}qml). The layers were separated. The organic
layer was washed with one 100-ml 10 portion™®f"2M aqueous sodium carbonate solution. The
combi_ned agueous layers were extracted with one Foq-ml portion of ethyl acetate. The combined
organic layers were dried over anhydrous sodium $ulfate and concentrated to dryness. Purification by

flash-chromatography with n-heptane/ethyl acetate a§ eluent gave the title compound (0.52 g, 18%) as
colorless oil. 4-Aroyl-cyclohexanecarboxylic acid estgt ol
15tranl:)st-4-(2(,j4-DifIlﬁ]qro-b(—i-r(;zoyl)-cyclohexanecarboyIic acid methyl ester F0 0, The title compound
was obtained as white solid in 93% yield from 1-bromo-2,4-di [
e s RS fEardng e
20trans-4y(2 [EEDflupdesbgnroyl)oytiphexahécarbosarhioradid anietmatbgtestr @eopng to general
2011/1348/(BGH/ BRZ0k4/0p63%1 drsey-cyclohexanecarboxylic acid ester 5

trans-4-(3-Fluoro-pyridine-2-carbonyl)-cyclohexanecarboxylic acid methyl ester F 0 and
5 4-Arvlisoxazole-cyclohexanecarboxylic acid intermediate of formula (X-1)

cis/trans-4-Benzo[d]isoxazol-3-yl-cyclohexanecarboxylic acid

0O,

N

0O OH

To a solution of cis/trans-4-{ (2-fluoro-phenyl)-[(F/Z)-hydroxyimino]-methyl }-
cyclohexanecarboxylic acid methyl ester (0.52 g, 1.9 mmol) in dry tetrahydrofuran (19 mi) was

10 added sodium methoxide (0.13¢, 2.4 mmol} at room temperature, Stirring for 16 h was followed
by addition of further sodium methoxide (0.13 g, 2.4 mmol) and stirring for 1h at 60 °C, After
cooling to room temperature the reaction mixture was pariitioned between fert-butyl methyl
ether (100 ml) and IM aqueous hydrogen chloride solution. The layers were separated. The
aqueous layer was extracted with one 100-ml postion of tert-butyl methyl ether. The combined

15 organic layers were dried over anhydrous sodium sulfate and concentrated to dryness. The
residue was dissolved in a mixture of 1.4-dioxane (10 ml) and 2M aqueous sodium hydroxide
solution (9.3 ml, 18.6 mmol) and stirred for 16 h. The mixture was partitioned between fert-butyl
methyl ether (100 ml) and 1M aqueous sodiom hydroxide solution (50 ml). The layers were
separated. The organic layer was extracted with two 50-ml portions of 1M aqueous sodium

20 hydroxide solution. The combined basic aqueous layers were poured on ice (100 g), acidified o
pH 1 with concentrated hydrochloric acid and extracted with three 100-ml portions of ethyl
acetate. The combined ethyl acetate layers were dried over anhydrous sodium sulfate and
concentrated to dryness, Purification by flash-chromatography with n-heptane/ethyl acetate as
eluent gave the title compound (0.36 g, 79%) as off-white solid. MS m/e: 244 ([M-H]")

23 Thioether intermediates of formula (Vi1



54-Aroyl-cyclohexanecarboxylic acid ester 6
trans-4-(3-Fluoro-pyridine-4-carbonyl)-cyclohexanecarboxylic acid methyl ester To a solution of
N,N,N'N'-tetramethylethylenediamine (1.20 g, 10.3 mmol) in diethyl ether (50 ﬂ»% t -78.'V was added
1.6M N-butyWﬂﬁﬂ’rﬁ@éﬁ%ﬁon in n-hexane (6.40 ml, 4.3 mmol). 10 Stirring o]ﬁl (?z]a!tf?i%gé was
followed by addition of 3-fluoropyridine (1.00 g, 10 3 mmol) at -78 C. After stirring at -60 to -70 'V for 3
h a solution of zinc chloride (2.81 g, 20.6 mmol ich.bad previously. been dried by melting in vacuo
followed by cooling under argoré?%e&aetﬁyl;?%%ﬁ%zr‘emB%vb%esgl gtrj(lel(g&l 8¥grﬁwise at max. -60 C. The
reaction mixture was allowed to warm to room tgﬂ]peratur%% mipute_s after corrfqlet__egl addition.
Addition o 15" betEkiSterisHRTIBho€phML P adiurfild) 1850 Y 8 s MBI knd 11 c4) 0 <1y
trans-4-chiordgaibbmytcltolBxiariseaebtnylicndcint raethtastsrtZeloder1 O 3Anghist WaeMBHved by
stirring fonl@ hbhereagionwasmrencheshbwith acideaus saftatathemaidaitmichianide splition and
the mixturg WS eIRAGIeR Wit raet oGl potionsafdatihtd MeliksieloThe ermpined:proanic
layers were, Wg§1e with one 50-ml portion of 2 I\{I aguequs sodium carbonate 1§olLit|on_ qd one 50-ml
20 portior BK B, RIFEPBYLPENEGRALY SPURIN SraRE BAY LBHCE LSS 18 aRhe 888 sAtstion by
flash-chromategiaphienitrer-espteprsateiy Theamieons lalige it gaivectea isth-pasiiviortopReféRis-of
carbonyl);exgivhexanacanoxylissacid vreinyd esters(&22ged .8%) ashyellow cilding tsatisiel (3t
fluoro-pyridingt:GAIPRNIS R ARG AMLE. eFic MRIMA A e 23t hamialigw sold. 25
trans-4-(3-Fluoro-pyridinez2-carbonyl)-cyclohexanecarboxyfic acid methyl ester. MS m/e: 266 (1M+Hr)
translﬂ-(BJ[:‘?T‘EH'H‘?)£ 21in_e-4-carbony|)-cyc|ohexanecarboxylic acid methyl ester. MS m/e: 266
(AM+HI+) WO 2011/134877PCT/EP2011/056391 -46- 4-Aroyl-cyclohexanecarboxylic acid ester 7
trans-4-(2-ChIoro-pyridine-3-carbonyl)-cyclohe%ﬂ%ﬁ%&ylic acid methyl ester O To a mixture of
lithium chloride (0.55 g, 13 mmol) and magnesium turnings (0.63 g, 26 mmol) 5 in dry tetrahydrofuran
(34 ml) was addedamdiiERsogilsnismyimenyadievsiabespacashamhis st et 63%F 0.10 mmol) at
room temperature. After stirring for 5 minutes a solution of 3-bromo-2-chloro-pyridine (2.00 g, 10 4
mmol) in dry tetrahydrofuran (1 ml) was addegl at™0-5 C. Stirring for 1 h was followed by addition of a
solution of zinc chloride (1.42 g, 10.4 mmol), Whieh had previously been dried by melting in mut
followed by cooling under argon, in dry 10 tetralpydrofuran (10 nil). After stirring for 1 h the mixture was
decanted into another flask by cannulation urider rgon. Addition of
tetrakis(triphenylphosphine)palladium(0) (0 &5 mmol) and
trans-4-chlorocarbonyl-cyclohexanecarboxydic gcid y| egter (2.10 g, 10 3 mmol) was followed by
stirring at room temperature for 18 h. The mixture was partitioned between ethyl acetate (150 ml) and
0.1M aqueous hydrogen chloride solution (100 m1). The ldyers were separated. The aqueous layer
was extracted with two 100-ml portions of ethyl acetate. The combined organic layers were dried over

hyd ium . ificati 1-ChC with
ST PR e DU o e
Se: 282 affgipfpjancearboxylic acid geiyl ﬁ?fg?rﬁ%(:d}l‘ﬁlfé@ df fgr?)ﬂ?ﬁ? éWBegWé ne)r'j%roce%u‘re (I):

Oxime foriistigh A mixture of a 4-aroyl-cyclohexanecarboxylic acid ester of formula VI (1 eq), sodium
acetate (2.4 eq) and hydroxylamine hydrochloride (2.4 eq) in an alcohol such as methanol or ethanol
(0.1 - 0.2 M) is stirred at room temperature for ZFRiv¢th@h2 reaction mixture is optionally concentrated
to dryness or directly partitioned between an organic solvent such as ethyl acetate 25 or tert-butyl
methyl etherans £08-BauedssiBodiupysidibedaterbolutipny dbleclarexn shexybpaddone Hhé aatpreous
layer is extracted with one or two portions of organic solvent. The combined organic layers are dried
over anhydrous sodium sulfate and concentr dryness. Purification by flash-chromatography
gives an oxime intermediate of formula VII. O 1 WO 2011/134877PCI7EP2011/056391

20 The title compound was obtained as yellow solid in 87% yield from #rans-4-(3-fluoro-pyridine-
2-carbonyl)-cyclohexanecarboxylic acid methyl ester according to general procedure (IV). MS
m/e: 370 ((M+HJ")



-47- F NOH S. The title compound was obtained as white solid in 98% yield from
cis/trans-4-(2-fluorobenzoyl)-cyclohexanecarboxylic acid methyl ester (2:1) according to general
procedure (II). MS Se: 280 QM+Hr) 50xime 2

trans-4-{(2,4- I%P&?H:’ﬁﬁgnyl) RE/Z)- hydroxyhnlnoFD-@ethyII cyclohexanecaﬁaéxy TRt 3'?ﬁethyl ester
The title compound was obtained as off-white solid in 97% yield from trans-4-(2,4-difluoro10
benzoye-cyclohexanecarboxylic acid methyl eslt ra cor ghng to general procedure (II). MS m/e: 298
([1\4+141) Oxime 3 trans-4-{(2,5-Difluoro- pheny ydroxyiminol-methyll-cyclohexanecarboxylic
acid methyl ester 15 The title compound was ohtain d as, off-white solid i) 97%

trans-4-(2, SEafdTorR A AR RERS e S R E&Wﬁéﬁ’f@f‘&%‘?ﬁ%{s&%ﬁ%%& g@'r{ﬁg}[ Torocedure
(1. MS mk: 298 (IM+HI+) Oxime 4 WO 2011/134877PCT/EP2011/056391 -48- The title compound
was obtained as off-white solid in 97% yield f
trans-4-(3-fluoropyridine-2-carbonye-cyclohexag
procedure (II). MS in/e: 281 ([M+Hr) 50xime 5
trans- 4 1(2-Chloro-pyridin-3-y1)-RE/Z)- hydr y| o] methyll-cyclohexanecarboxylic acid

carboxyllc acid methyl ester according to general

The title compound was obtained as yellow oil in 90% yield from rrans-4-(3-fluoro-pyridine-4-
5 carbonyl)-cyclohexanecarboxylic acid methyl ester according to general procedure (IV). MS m/e:
370 (IM+H])

4-Arviisothiazole-cycichexanecarboxvlic acid ester intermediates of formula (IX-2)

‘General procedure (V): Arylisothiazole formation

To a solution of a thioether intermediate of formula (VIII) (1 eq) in dichloromethane (0.1 M) is

10 added sulfuryl chloride (1.05 eq) at O °C. The reaction mixture is stirred for 1 h. After
evaporation of the solvent the residue is re-dissolved in tetrahydrofuran (0.1 M) followed by
addition of 2M ethanolic ammonia solution (10 eq) at room temperature and stirring for 2-3 h.
The reaction mixture is partitioned between an organic solvent such as ethyl acetate or erz-butyl
methyl ether and saturated sodium bicarbonate solution. The layers are separated. The agueous

15 layer is extracted with one or two portions of organic solvent. The combined organic layers are
dried over ahhydmus sodium sulfate and concentrated to dryness. Purification by flash-
chromatography gives 4-arylisothiazole-cyclohexanecarboxylic acid ester intermediate of
formuia (IX-2).

-4-Arylisothiazole-cyclohexanecarboxylic acid ester 1

20 trans-4-Benzo[disothiazol-3-yl-cyclohexanecarboxylic acid methyl ester

S.
N



methyl ester  The title compound was obtained as orange solid in 92% yield from
trans-4-(2-chloro-pyridine10 3-carbonye-cyclohexanecarboxylic acid methyl ester according to general
procedure (II). MS m/e: 297 ([M+Hr) 4-Arylisoxazole-cyclohexanecarboxvlic acid ester intermediates of

formula (IX-\&eitétdPHbcedure (Ill): Arylisoxazolegformation 15 To a solGfidEBrEN Bite
intermediate of formula VII (1 eq) in tetrahydrofuran (0.1-0.2 M) is added potassium tert-butoxide (1.3

eq) at 0 C. The cooling bath is removed 15 minutes after leted addition, and the reaction mixture
is stirred fOPO B FUTPSEM 44 SRR .a‘?ﬁ%}’igaséﬁé%?;%ne%‘g% ittohey’ ﬁé{\%vqgﬁé%zﬁglgc&r%l r]n'ic
solvent suszyditydisbetanecarbmrilisuayichrethyll attier asnerdingde Fsrlyersefersépardted/Fhe
aqueous laye([siextracted with one or two 20 portions of organic solvent. The combined organic layers
are dried over anhydrous sodium sulfate and concentrated to dryness. Purification by

flash-chromatography gives g &-iRaNFQISQYSIhaxaNRRadia agiskaster intermediate of
formula (DC-1). 4-Arylisoxazole-cyclohexanecarboxylic acid ester 1

tfans-%-(G-F'UOf%&D&ﬁL@lﬁﬁm@l%s%bxﬁ fifionerepasRiRandicasid mosih Reian Wi
2011/134877PCT/EP2011/056391 -49- The title compound was obtained as light brown solid in
guantitative yield from trans-4-{(2,4- difluoro-p §-RE/Z)-hydroxyiminoPmethyl }
-cyclohexanecarboxylic acid methyl ester acc@%{;ﬁ general procedure (llIl). MS m/e: 278 ([M+HTr)
54-Arylisoxazole-cyclohexanecarboxylic acid ester Z
trans-4-(5-Fluoro-benzo[d]isoxazol-3-3,0-cyclohexar
compound was obtained as white solid in 52% vyiel p
trans-4-{(2,5-difIuorophenyl)-[(&?)-hydroxyirnino]-met yl}-cyclohexanecarboxylic acid methyl ester

according to 10 general procedure (l11). MS m/e: 27&{[M+*Hr) 4-Arylisoxazole-cyclohexanecarboxylic
_acid ester 3 trans-4-Isoxazolo[4,5-b]pyridin-3-yl-cyclohexanecarbOlylic acid methyl ester 0 0 O

arboxylic acid methyl ester 0 0 The title

The title compound was obtained as light yellow oil in 90% yield from #rans-4-(3-
benzylsulfanyl-pyridine-2-carbonyl)-cyclohexanecarboxylic acid methyl ester according to
general procedure (V). MS m/e: 277 (IM+H1")

10 4-Arylisothiazole-cyclohexanecarboxylic acid ester 3

trans-4-Isothiazolo[5,4-clpyridin-3-yl-cyclohexanecarboxylic acid methyl ester

AN
N .
Id
o O

The title compound was obtained as colorless oil in 51% yield from trans-4-(3-benzylsulfanyl-
pyridine-4-carbonyl)-cyclohexanecarboxylic acid methyl ester according to general procedure
15 (V). MS m/e: 277 ([M+H]")

Hvdrazide intermediates of formuia (I1)

General procedure (VI): Hydrazide formation from acid

To a solution of a 4-heteroarvl-cyclohexanecarboxylic acid intermediate of formula (X) (1 eq)
and triethylamine (1.05 eq) in tetrahydrofuran (0.2 M) is added ethyl chloroformate (1.05 eq) at
20 0 °C. The reaction mixture is stirred at 0 °C for 1 h. The ammonium salts are removed by
filtration. The filtrate is added to a cold solution of hydrazine hydrate (2 eq) in methanol (0.2 M).
The reaction mixture is stirred at room temperatare for 2-16 h. The solvent is evaporated under

reduced pressure, and-the residue is partitioned between an organic solvent such as ethyl acetate



The title compound was obtained as off-white solid in 71% yield from trans-4-1(3-fluoro15
pyridin-2-y1)-RE/Z)-hydroxyiminol-methyll-cyc10hexanecalbOxylic acid methyl ester according to
general procedure II% MS m/e: 261 ([M+11]) 4-Arylisoxazole-cyclohexa 5%5} ester 4
trans-4- Isoxﬁ&&‘fé 4 Fﬂyrrdln 3-yl-cyclohexanecaiyoxylic acid methyl es er% g&(}/ll 85?;{9!9
2011/134877PCI1EP2011/056391 50 The title compound was obtarned as white solid in 46% yield

from trans-4- té‘ hlorgé%/rrdrg ?N ﬁ’l Xdr? g}}lrégll/?r%%i ! 1n;}}éclacglh é@??a%%xb@(&'&a%@ methyl

ester accSFdiift F 5i5cedire |n/e
54- Aryllsowélzdréocyéléﬁé&mbcﬁfyﬂhg&%’ﬂ iErrtedibtecorTRntiIgrgr) layers are dried over

cis/trans-4nBenzaldishxazalByl:ayclohexanedarhexylictagitre a hydrazide intermediate of formula

TO&SO'U“@PW{%@% 42T HosaRheny) RE/Zrmyvdroxininakimatiyl- cyclohexanecarboxylic acid
methyl ester (0.52 g, 1.9 mmol) in dry tetrahydrofuran (19 ml) was 10 added sodium methoxide (0.13g,

2.4 mmol) at room temper ggfror Epdggl[gr%@ﬁt)wgﬁg@a@gl%@ggﬂ@ﬂ affurther sodium methoxide

(0.13 g, 2.4 mmol) and stiffi h at 60 C. After cooling to room temperature the reaction mixture

was partipned betweep (LB el srrgo%glmmgsacmragrr?e%um@rmmzw ution.
k&b

The layers were separate “The aq teous fayer was extracted with one 10 utyl

methy! etiigf. Tyl Brﬁ%rétié%?g%‘ﬁréqa%@rgd\%réod?r e "Bl ]é?%%r%dg

concentratedite doyness tehife resid te was disgolvauins @ ariktered dfetveatioRama2pio selycah sl
agueous SoUHO) RaiASSRIIAR (R Thd10. ) g0s shoresfor ik Theupisdusdgasis
pariigned between erthy meltyl ther, 490 adh M. o sadum ycguide spuan (0

m1). e FAy&rsWere separ he organic ayer was extracte%}}5 ortio 15 0 ][M
agueous %éﬁ?ﬁ?%?ﬂ}&%%@@cﬂ%GHHGFHE%%%&H%‘%%%V&@ Zfﬁ\Q//é%ewe‘rgo%%u? 401 ice (100
g), acidifigdl tosptth invithu dbneswtiated hydroeh loiiboaciddnd pwtizeiéenwith three 100-ml portions of
ethyl acetate. The combined ethyl acetate layers were dried over anhydrous sodium sulfate and
concentrated to dryness. Purification by flash-diydmeidgiaphy with n-heptane/ethyl acetate as eluent
gave the title compound (0.36 g. 79%) as off-white solid. MS m/e: 244 ([M-HI) 25Thioether

intermediates of forpua: VAR My%a[ 2 dad S YR dihie Al rBosHic-acid Gaieratliprocedure (1V):
Thioether formation A mixture of potassium tert-butoxide (1 eq) and benzyl mercaptane (1.1 eq) in dry

0,

N

NH,
o N
H
15

The title compound was obtained as white solid in quantitative yield from cis/trans-4-
benzo[dlisoxazol-3-yl-cyclohexanecarboxylic acid according to general procedure (VI). MS m/e:
260 ([M+H]")

Hydrazide 2

20 trans-4-(6-Fluoro-benzo[dlisoxazol-3-yl)-cyclohexanecarboxylic acid hydrazide
F O
Ty
N.NH2
O g

The title compound was obtained as white solid in 39% yield after flash-chromatography with n-

heptanefisopropancl as cluent from trans-4-(6-fluoro-benzo| dlisoxazol-3-yl)-



tetrahydrofuran (0.3 M) is stirred for 5 min at room temperature under an inert gas atmosphere. A
solution of 4-aroyl-cyclohexanecarboxylic acid ester intermediates of formula (VI) (1 eq) in 5
tetrahydrofuran é%?’ M) is added and the reaction mixture is stirred for 16'26*1‘%1%5‘1 A€8S ion mixture is
partitioned b&RERY 8gr"ganic solvent such as ettyy acetate or tert-butyl me{ ylether and water. The
layers are separated. The aqueous layer is extracted with one or two portions of organic solvent. The

combined organic layers are dried over anhydrous spdium sulfate and conc tegdo dryness.
Purificati(fﬁmtgg 5%?%%#8?%’5%93%%%6@ nggﬁh%%%dg??n ermediate of i@?gﬁn%?@ﬁl)&%ioether

trans-442dB&rYisulfanyl-benzoy0-cyclohexanecarboxylic acid methyl ester Oyo o,  The title
compound was obtained as yellow oil in 92% yield from trans-4-(2-fluoro-benzoyel15
cyclohexanecarboxylic acid methyl ester accofdlidgasi¢seheral procedure (1V). MS mie: 369 ([M+HI+)
Thioether 2 trans-4-(3-Benzylsulfanyl-pyridine-2-carbonyl)-cyclohexanecarboxylic acid methyl ester 20
The title compoutadsvéad dbtairebleasofdlisvxsuilBiml BTeigteishfrerarboxylic acid hydrazide
trans-4-(3-fluoro-pyridine2-carbonyl)-cyclohexanecarboxylic acid methyl ester according to general
procedure (IV). MS m/e: 370 (1M+Ht+) WO 84 77PCT/EP20111056391 -52- Thioether 3
trans-4-(3-BenzylsuIfanyl-pyridine-4-carbony@{m§xanecarboxylic acid methyl ester The title
compound was obtained as yellow oil in 90% yield figm trans-4-(3-fluoro-pyridine-4- 5
carbonyl)-cyclohexanecarboxylic acid methyl ester brding to general procedure (IV). MS m/e: 370
(1M+Hr) 4-Arvlisothiazole-mlohexanecarboxylic acid-gster intermediates of formula (1X-2) General
procedure (V): Arylisothiazole fonnation

5

The title compound was obtained as white solid in quantitative yield from trans-4-(3-fluoro-
benzo|d]isoxazol-3-yl)-cyclohexanecarboxylic acid methyl ester according to general procedure
(VID. MS m/e: 278 ((M+HI")

Hydrazide 4

10 trans-4-Isoxazolo[4,5-bpyridin-3-yl-cyclohexanecarboxylic acid hydrazide

The title compound was obtained as white solid in quantitative yield from frans-4-isoxazolo[4,5-
b)pyridin-3-yl-cyclohexanecarboxylic acid methyl ester according to general procedure (VIh.
MS m/e: 261 ([M+H]")

15 Hydrazide 5

trans-4-Isoxazolo[5,4-b|pyridin-3-yl-cyclohexanecarboxylic acid hydrazide

N -0
‘\‘ / N
NH,
o0 N 7



To a solution of a thioether intermediate of formula (V1) (1 eq) in dichloromethane (0.1 M) is 10 added
sulfuryl chloride (1.05 eq) at 0 C. The reaction mixture is stirred for 1 h. After evaporation of the solvent
the residue is re-dissolved in tetrahydrofuran (0.1 M) followed by addition]%ﬁﬁw%ggg ammonia
solution (10 ‘@](ﬁ 2é‘t”r’d(?‘mﬂ’?emperature and stirring fayz2-3 h. The reaction mixture’is partitioned between
an organic solvent such as ethyl acetate or tert-butyl methyl ether and saturated sodium bicarbonate
solution. The layers are separated. The aqueous 15 layer is extract ith one or. rtions of
organic sgkfeﬂaefﬁg‘%%?ﬂgi %Sdotgr%%lﬁ?c Sa?fé%é?é%f‘egﬁ%g‘r%ﬁh% ?éguf\é%é?)t g’?ﬁ SL;J?%%QQ%@Q
concentrdisanidinrmessciobeistan sy Haskid HrsMul GRS gy to general procedure (VID).
4-arylisothazale-cyclghexdEngcarboxylic acid ester intermediate of formula (1X-2).
4-Arylisothiazole-cyclohexanecarboxylic acid ester 1
20trans-4-Benzo[d]isothiazol-3-yl-cyclohexanegadpaxdicsacid methyl ester WO
2011/134877PCT/EP2011/056391 -53- The title compound was obtained as white solid in 72% yield

from teans-4-(2-bengysuliapyihenansilisyslchaxanesrebaredis peidimatiy maeraueording to general
procedure (V). MS m/e: 276 (IM+Hr) 4-Arylisothiazole-cyclohexanecarboxylic acid ester 2

5trans-4-Isothiazolo[4,5-h]pyridin-3-y|-cyclorboxylic acid methyl ester The title compound

was obtained as light yellow oil in 90% yield n_trans-4-(3-
benzylsulfanyl-pyridine-2-carbonyl)-cyclohexanecarboxylic acid methyl ester according to general
procedure (V). MS m/e: 277 (IM+HII) 104-Arylisotfiazple-cyclohexanecarboxylic acid ester 3
trans-4-Isothiazolo[5,4-cipyridin-3-yl-cyclohexanegarboxylic acid methyl ester 0 0 The title compound
was obtained as colorless oil in 51% yield from y_ NH,
trans-4-(3-benzylsulfanylpyridine-4-carbonyl)-cyclghiexanecarboxylic acid methyl ester according to
general procedure 15 (V). MS m/e: 277 ([M+lI]I) Hvdrazide intermediates of formula (II) General
procedure (VI): Hydrazide formation from acid To a solution of a 4-heteroaryl-c ,_cg)#ex, nec?@oxylic
acid interrhBeifite sreRwRia et 0EarhRT EERAER S T O AR %‘gﬁ? 6945 is added
ethyl chloxafoyehatex(hd@sreeyyaic20i0 GelinkastactimoninguregenstiteoaediC (. MYre'Erifonium
salts are rgpzgved by filtration. The filtrate is added to a cold solution of hydrazine hydrate (2 eq) in
methanol (0.2 M). The reaction mixture is stirred at room temperature for 2-16 h. The solvent is

evapgfated under ‘Hydrazide 7

trans-4-Isothiazolo[4,5-bpyridin-3-yl-cyclohexanecarboxylic acid hydrazide

N

3!

P )
. P
N =

N
O u

2

The title compound was obtained as white solid in 67% yield from trans-4-isothiazolo{4,5-
b]pyridin-3-yl-cyclohexanecarboxylic acid methyl ester according to general procedure (VIE).
15 MS m/e: 277 (IM+H] )

Hydrazide 8

trans-4-Isothiazolo[S,4-c]pyridin-3-yl-cycichexanecarboxylic acid hydrazide



reduced pressure, and the residue is partitioned between an organic solvent such as ethyl acetate
WO 2011/134877PCT/EP2011/056391 -54- or dichloromethane and water. The organic layer is
separated. The aqueous layer is extracted with two or three portions of organic solvent. The combined
organic layerd 4r8'dflét Gver anhydrous sodium sulfate and concentrated ify VEBHE 18%/% a hydrazide
intermediate of formula (1), which is usually used in the next step without further purification. 5General
procedure (VII): Hydrazide formation from ester A gﬂxture of a 4-heteroaryl-cyclohexanecarboxylic
acid ester intermediate of formula (IX) (1 qu[; ang h}‘qdrazine hydrate (2-6 eq) in n-butanol (0.2-1 M) is
heated at reflux for 16-72 h. After coaling to 3
between an organic solvent such as ethyl acetate &
separated and the aqueous layer is 10 extracted bwo portions of organic solvent. The combined
organic layers are dried over anhydrous sodium sulfgte algf_i] concentrated in vacuo to give a hydrazide
intermediate of formula (1), which is usually used iF) revnext step without further purification.
Hydrazide 1 cis/trans-4-Benzo[d]isoxazol-3-y1-cycloheXanecarboxylie acid hydrazide 15 The title
compound was obtained as white solid in quantitative yield from cis/trans-4-

benzo[cflighxamid- Ieyhpyiahexandednboxadiovatid satcoiding % gehefalprocasur& Wiz ffe: 260
(M+H]4) & %@jﬁé&@ﬂéﬁﬁé@aﬁl Rebengofiiisoxagel-3xdlasyelehexanscatoaxic 20ig).
hydrazide @) 222 /134877PCT/E1'2011/056391 -55- cyclohexanecarboxylic acid methyl ester
according &gﬁ’e oc e (VH). MS m/c: 278 (LM+Fll+) Hydrazide 3 trans-4-(5

uoro-benzold]isoxazol-3-y1)-cyclohexanecarbqxylic acjd gydrazide 0
5 ydrazide

mperature the reaction mixture is partitioned
dichloromethane and water. The layers are

cis-4-BenzofdJisothiazol-3-yl-cyclohexanecarboxylic acid hydrazide

S,
N

The title compound was obtained as white solid according to general procedure (VI) from a
cis/trans-mixture of 4-benzo[d]isothiazol-3-yl-cyclohexanecarboxylic acid in 10% yield after

10 removal of a portion of the frans-isomer, which had precipitated upon trituration from fert-butyl
methyl ether, by filtration and chromatographic separation. MS m/e: 276 ([M+H]")

Thiolactam intermediates of formula 111

7-Chloro~2-thioxo-1,2,3,5-tetrahydro-benzo[e]{1,4]diazepine-4-carboxylic acid fert-butyl
ester

15  a) 4-Chloro-2-chloromethyl-1-nitro-henzene

To a solution of 5-chloro-2-nitrobenzyl alcohol (80 g, 0.42 mol) and triethylamine {64 ml, 0.46
mol) in dichloromethane (840 ml) was added drop wise thionyl-chloride (34 ml, 0.46 mol) during
a period of 30 minutes while the internal temperature was kept below 32 °C by cooling with a
water bath. The reaction mixture was stirred for 3 h. The solvent was evaporated and the residue
20  was triturated in warm fert-butyl methyl ether (970 ml). The ammonium salts were removed by
filtration and the filirate was concentrated in vacuo to give the title compound (85 g, 99%) as

brown oil which was used in the next step without purification. MS m/e: 205 (M™).

b} (5-Chloro-2-nitro-benzylamino)-acetic acid ethyl ester



5 The title compound was obtained as white solid in quantitative yield from
trans-4-(5-fluorobenzok/lisoxazol-3-y1)-cyclohexanecarboxylic acid methyl ester according to general
procedure (VII). MS m/e: 278 ([M+H]4) Hydrazide 4
10trans-4-Isd%ﬁf@ﬂ[@]‘ﬁ‘-ﬁspyridin-3-y1-cyc|ohexar_l%:_arboxylic acid hydraZfdE BRI Y The title
compound was obtained as white solid in quantitative yield from trans-4-isoxazolo[4,5-
blpyridin-3-yl-cyclohexanecarbaoxylic acid methyl ester according to general procedure (VII). MS m/e:
261 (IM+N 1@@%&%&3@%@%%%&atgfa:mﬁiéﬁé-§|-&‘é}of1@<5 : 85%@0%)’(1% 20
hydrazidehydroghlani@® 200 3/1BAB PRPCTIHEPR0NIH05630L LBemT Hedile serhpouierivad Bbkaiméd as
white soligiin geantitativewield Famitiarsr-isaxazalgibsdeblmdidin3suwysiohexanecabagyic acid
methyl es ,s,r,-.%:ﬁr%@% Ip SR0CrPPIRERAIG (W Mo DY En B0 B RN AEI AR Srtsare was
Strans-4-Benzo[d isothiazol- -E/I-cyc ohexanecarboxylic acid hydrazide ,NH N 2 H The title compound
was obtaifidtf SR S h B 2 SibR HERT PRI LA SlaiSSthias 81 3RAR) RIS HER et i b oxylic
acid methyhédteraaceeidinteagansmbplsssdursicinn e mis: 275 (FibHydrazide 7
trans-4-1sothiazolo[4,5-b]pyridin-3-y1-cyclohexanecarboxylic acid Itydrazide

¢) [fert-Butoxvearbonvi-(5-chloro-2-nitro-benzyv])-amino]-acetic acid ethvl ¢ster

A solution of (5-chloro-2-nitro-benzylamino)-acetic acid ethyl ester (110 g, 0.403 mol), di-fert-
butyl dicarbonate (180 g, 0.807 mol) and 4-N.N-dimethylaminopyridine (2.51 g, 0.0202 mol}) in

10 dichloromethane (1200 ml) was stirred for 2 h at 0 °C and further 16 h at room temperature. The
solvent was evaporated and the crude product was purified by flash chromatography with a
cyclohexane/ethyl acetate mixture as eluent to give the title compound (764 g, 51%) as light
yeliow viscous oil. MS m/e: 373 (M+H").

d) [(2-Amino-5-chloro-benzvl)-fert-butoxvearbonyi-amino]-acetic acid ethvl ester

15  To a solution of [fert-butoxycarbonyl-(5-chloro-2-nitro-benzyl)-amino]-acetic acid ethyl ester
(69.0 g, 0.186 mol) in ethyl acetate (1200 ml) was added zinc bromide (8.5 g, 0.037 mol). The
reaction mixture was purged with argon after 15 minutes. After addition of the palladium catalyst
(10% on activated charcoal, 7.9 g, 0.0074 mol} the mixture was hydrogenated at ambient
pressure during a period of ca. 48 h until ca. 13 | of hydrogen gas had been consumed. The

20  catalyst was removed by filtration and the filtrate was washed with two portions of saturated
aqueous sodinm hicarbonate solution and brine, each. The organic layer was dried over
anhydrous sodium sulfate and concentrated in vacuo to give the title compound (60.6 g, 95.5%)
as yellow waxy solid. MS m/e: 343 (M+H").

e} 7-Chloro-2-ox0-1.2.3.5-tetrahvdro-benzo[ 1. 4|diazepine-4-carboxvylic acid _tert—butvi ester

25 To a solation of [{2-amino-3-chloro-benzyl)-tert-butoxycarbonyl-amino]-acetic acid ethyl ester
(60 g, 0.18 mol) in tetrahydrofuran (600 ml) was added potassium fert-butoxide (22 g, 0.19 mol)
in small portions at 5 °C under cooling on an ice-water batch. After completed addition the
cooling bath was removed and reaction mixture was stirred for 3 h at room temperature followed
by addition of water (400 ml), saturated aqueous ammonium chloride solution (280 ml) and ethyl

30 acetate (800 ml). After 10 minutes the precipitate was collected by filtration. The layers were
separated from the filtrate, dried over anhydrous sodium sulfate and concentrated in vacuo. The
residue was combined with the precipitate, which had previously been collected by filtration, and
crystallized from hot ethyl acetate to give the title compound (46 g, 88%) as white solid.
MS m/e: 295 (M-H"Y).

35 ) 7-Chloro-2-thioxo-1,2.3.5-tetrahvdro-benzo[ell 1.41diazepine-4-carboxvlic acid rerz-butyl ester




,NH2 0 The title compound was obtained as white solid in 67% yield from trans-4-isothiazolo[4,5-
blpyridin-3-yl-cyclohexanecarboxylic acid methyl ester according to general procedure (VII). 15 MS
m/e: 277 ([M+H] Hydrazide 8 trans-4-Isothiazolo[5,4-c]pyridin-3-yl-cyclohexanecarboxylic acid
hydrazide \WEPZ811M%4 77PCDEP201 1/05639157- Q N H2 Oil The fitid E6RPSIRE Was obtained
as white solid in 63% yield from trans-4-isothiazolo[5.4- c]pyridin-3-yl-eyclohexanecarboxylie acid

methyl ester according to_general procedure (VI). MS m/e: 277 ([M+H], +) 5Hydrazid
cis-4-Ben%ﬁ%&?ﬁ?ﬁ?@gﬂ}ﬁ@yﬁéﬁ& n “é%tfé R &B78 ﬁy%?ial%%gl%cflﬁf)éﬁ%zﬂ%%%tl?ﬁ% %gﬁ?@%nd was
obtained aswhitel solig aedaPdintpto gatherat-piodtarpdpuphesn)alclsifadidiriighrergetane-2.4-
4-benzo[djisgtiiazal3-¢- cysiebexan eadoxyticodaishin1 1006yl aftentd remdial tfradportiba of the
tfans-'songgmﬁmm prasipiaiad.uRon fitration, from tertbuiv mathwiether, ydiliratipr.and

chromatographic separation. MS m/e: 276 ([M+H]) Thiolactam intermediates of formula.ll|
7-Chloro-23hi6X8%Y fﬁs&?@-tfélﬁréﬂ%r8‘-’l51eH?o([}é’\{lfffﬁ]%‘ﬁfgzgﬁ?ﬁggﬁé%rbg)x qf acid t}ta%e-brlﬁ)’t9 P stE M 5 a)
4-Chloro-2rpttidiioedciioy- hatitbabeh e sy T 18 Sdrusisnperadciivro2-Hitshez fichiconv(golyt 0.42
mol) and tigthylamineNedml, 0.46 mol) in dichloromethane (840 nil) was added drop wise thionyl
chloride (34 ml, 0.46 mop during a period of 30 minutes while the internal temperature was kept below

32 C by coclipg,pithRamaier Rah s the IRAstinBemisivIa WiEsipRe-tRea-boxhiie scillent-ag

evaporated and the residue ester

10 The title compound was obtained as light yellow solid in comparable yields according to the
procedures described above for the synthesis of 7-chloro-2-thioxo-1,2,3,5-tetrahydro-
benzo[e][1,4]diazepine-4-carboxylic acid rers-butyl ester using S-fluoro-2-nitrobenzyl alcohol
instead of 5-chloro-2-nitrobenzyl alcohol in step 2). MS m/e: 297 (M-H.

General procedure (V1II): Condensation of hydrazide and thiolactam to triazole

15 A mixture of a hydrazide of formula I (1-1.5 eq) and a thiolactam of formula III (1 eq) in n-
butanol (0.1-0.2 M) is heated at reflux for 16-72 h. After cooling to room temperature the solvent
is evaporated and the residue is purified by flash-chromatography to give a compound of formula
I When a thiolactam of formula HI-1 (compounds of formula III in which R' is rert-
butoxycarbonyl) is used the N-ferr-butoxycarbonyl group of the resulting triazole product of

20 formula I-1 can be partially or completely cleaved thermally, and a secondary amine of formula

1-2 is obtained in addition or as the sole product.
General procedure (IX-a): Cleavage of N-fert-butoxycarbonyl (N-BOC) group

A solution of an N-BOC derivative of formula -1 (1 eq) in 1.25 M methanolic or 1.5 M
ethanolic hydrogen chioride solution (10 - 20 eq HCI) is heated at 50 °C for 15-60 minutes. After
25  cooling to room temperature the reaction mixture is concentrated in vacuo to give a secondary
amine of formula I-2 as hvdrochloride salt. Optionally the free base can be obtained by
partitioning the hydrochloride salt between 1 M aqueous sodium hydroxide solution and an
organic solvent, e.g. ethyl acetate or dichloromethane. The layers are separated and the aqueous
layer is extracted with two portions of the organic solvent. The combined organic layers are
30  dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to give the free base of a

compound of formula I-2,
General procedure (IX-b): Cleavage of N-tert-butoxycarbonyl (N-BOC) group

A solution of an N-BOC derivative of general formula I-1 (I eq) and triflucroacetic acid (10-20

eq) in dichloromethane is stirred at room temperature for 6-24 h. The reaction mixture is



20 was triturated in warm tert-butyl methyl ether (970 m1). The ammonium salts were removed by
filtration and the filtrate was concentrated in vacuo to give the title compound (85 g, 99%) as brown oil
which was used in the next step without purification. MS mile: 205 (M+). IE%: '
(5-Chloro-2-MHfbefiZ§#aMmino)-acetic acid ethyl ester WO 2011/134877PET/EFH{%f386391 -58- A
mixture of 4-chloro-2-chloromethyl- 1-nitro-benzene (85 g, 0.41 mol), glycine ethyl ester hydrochloride
(70 g, 0.50 mol) and triethylamine (121.4 ml, 0.8665 mol) in ethanol (1000 ml) was heated at reflux for
8 h. The SONERIAHAELYEER bt At SR O WAS L APt S04 AT (O7RBHIR 1T NSy Tthes. The
ammoniuwilsdltssirceoredivbladrhstiitratibhednpeth erfiltraperaied Bndohicermacyd layvaduoxioagive the title

compoundy{&ldve p30%) AS A IMARRNOMSIAFOWHE SolishwbiCh-yiag UuspdsiartherRexdvsiemividhaist

purification, MS m/e: 273.(M+l-r). ¢) [.en= Xyear [-(5-chlor@-2-nitra-henzyl)- - ic acid
ethyl este??é\%o usf}flgfr?‘ %f%é%ﬁlor%%-#ﬁgﬁ tg%%g%gﬁﬁl%%agﬂ%%ci%%%?gﬁg %12[0%%%{6%&%),
di-tert> buf§F'diiadsonate (180 g, 0.807 mol) and 4-N,N-dimethylaminopyridine (2.51 g, 0.0202 mol) in
10 dichloromethane (1200 ml) was stirred for 2 h at 0 C and further 16 h at room temperature. The
solvent was evafrsiia Brrsefieredee Reducir sNBuiaféenby flash chromatography with a
cyclohexanefethyl acetate mixture as eluent to give the title compound (76.4 g, 51%) as light yellow
viscous oifs M8 Lo gowpeind-pf dmm%@agr%m-aéﬁqzw«}rféﬁtlﬁﬁ@swga&b%ﬂ-é&% cetic
acid ethylgisteyidmiie @ sqlutien didteythutoxicaraonyl-{Scahlorom2-oftfo-eanz D) iamiat)] adetic acid

ethyl ester, (09 0,0, 0 BAMEN NGBV RERIAEHELRACMDRIRAASH 2ARE PEINEE (B>@ QB3 mol).
t eé§1 lladium catalyst
a

The reaction nmijxture purged with argo er 15 minutes. After addition of

(1006 0 dOURIEEPERITCBAIL T 5] GO0 ot AR AL Ty Br LB ot dnDIcHR FeCoure
during a perperaiea aad ¢renriicdaviB 1 bf hyeoerrda Hud skl sehsiometheauchiy st was
removed by filttationianetke filtrate Was wash@ddwitiadwo petionscof sSedusatechaltyteous sdilinvm _
bicarbonag, soluion. aRa. Rring: ﬁ%&lhﬁ&@@ﬂ&ﬁ%gwﬁg %@&damraﬂ{ww%ﬁ&%m&ul@te and
concentrated in vacuo to give the title compound (60.6 g, 95.5%) as yellow waxy solid. MS m/e: 343
(M+lI+). e) 7-Chloro-2-o0x0-1,2,3,5-tetrahydro-benzof 1 ,41diazepine-4-carboxylic acid tert-butyl ester
25 To a solution of [(2-amino-5-chlgro-benzyl)-tert-butoxycarbonyl-amino]acetic acid ethyl ester (60 g,
0.18 fol) in tetrdASRFEHPLPCESTBE R tedbetE Pometiiiateh-butoxide (22g. 0.19 mol) in small
portions at 5 C under cooling on an ice-water batch. After completed addition the cooling bath was
removed dhBFeEriBharRRAR Y ShrPadadrRh B B8ih tb At Er attre YBH 6%%%?5@6&%& Sflvater
(400 ml), sattirated ablegysahamaemunnchioridddokidier (280 (iyaridethyiB0iddetata(BGO ml). After
10 minutegthgRsaipitatg Wascollsated by fitratign.d helaxsrsweisseraraieddramathiediltrate, dried
over anhycous sodium.sulfate and congenrated invacue, f& tesidug as compined will.lne
precipitate, w ich fia previously been co IecteJ%yT}il_tratIi)on, and cr stailized from hot et@l_acetate to
give tHe tifieddsBatingifee 1889 4E AMESOIRYRS Fikrasts (with)ctjcpeetate. The combined
2011/13487¥RECTIEP2041/05639bwGOakydivture@lium sulfate and concentrated in vacuo. Flash
7-chIoro-%Qgggﬁ;tggga&%@gyg{wbﬁ%gf%&]@m@Gﬁfgggquggylic acid tert-butyl ester (41.1 g, 0.139
mol) and 2,4-bis-(4-methoxypheny1)-1,3,2,4-dithiadiphosphetane-2,4- disulfide (31.5 g, 0.0763 mol) in
tetrahydrofuran (1100 nil) was heated at reflux fpg.3.b,1d pe solvent was evaporated and the residue
was triturated in tert-butyl methyl ether. The precipitate 5 was removed by filtration and the filtrate was

concentated 0 sy IS IRGNE MRS ASIREER OB NI L43 8kl 2ompound

(37.5 g, 86.4%) as light ye 2311 (N . .
7-Flu o-2-thioxo-1,2,%?B-Z&[ﬁ]&ﬁﬁm‘éé?f?a‘éfﬂfﬁig‘g%ﬁ RO ESIRp S IEtia 2 Bbutyl ester
and
Example 2

trans-1-(4-Benzo[disoxazol-3-vi-cyclehexyl)-8-chloro-4H,6 H-2,3,5,10b- tetraaza-
benzo[ejazulene-5-carboxylic acid rert-butyl ester

30 cis/trans-1-(4-BenzojdJisoxazol-3-yl-cyclohexyl)-8-chloro-4H,6H4-2,3,5,10b-tetraaza-
benzole]azulene-5-carboxylic acid trert-butyl ester (92:8) and trans-1-(4-benzo[disoxazol-3-yl-
cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza-benzo[ e]azulene-5-carboxylic acid tert-butyl

ester were obtained according to general procedure (VII) after chromatographic separation.



10 The title compound was obtained as light yellow solid in comparable yields according to the
procedures described above for the synthesis of
7-chloro-2-thioxo-1,2,3,5-tetrahydrobenzole][1,4]diazepine-4-carboxylic afc,:idr}&r, (pﬁgiﬁgg er using
5-fluoro-2-nitfbEHRYPHICDhol instead of 5-chloro-2ggitrobenzyl alcohol in §tep a)E “Ink: 297 (M-Fr).
General procedure (VIII): Condensation of hydrazide and thiolactam to triazole 15 A mixture of a
hydrazide of formula Il (1-1.5 eq) and a thiolactam of formula Il1, (1 in.nbutangl.(0.1-0.2 M) is
heated af FEHERAGH ﬁ%ﬁﬁ”ﬁ"_“ﬁfg}li% fﬁ%%of' 6?‘2’1? %%é?‘ﬁﬁ% %%e%é v%ﬁ??g §/aazb(%)&rated_ and the
residue isTpimifiseny7fEleretrohirtodraphy wrahvera-bempliida b rermita oot aridetam of
formula Idicamapounds of formula Il in which Rl is tertbutoxycarbonyl) is used the

N-tert-butgyearomy giuR. el e tesuling iazale nupduss 6i20:feoula idagan be partially or

completeﬁfscé ved thermally, an | a secondary amine of formula 1-2 is obtained Iir iicn or as the
sole p?odﬁﬁ?@é}ﬁé‘ﬁ&ll}ﬁfgfém%%g’ﬁ 61£§9§’ & Sé‘frlﬁé?é{r;?-g& o{?(g/g‘%lanr(b&o%&yr & g%f%%ogu% A solution
of an N-BOIdaHyative5af foMrdTh 1-1 (1 eq) in 1.25 M methanolic or 1.5 M ethanolic hydrogen chloride
solution (39720 @hHEzb) d5heaiedalas ddtaxib-6Q hinutes 6AFEB .25 Cootingte-room temperature the

%@%ﬁ‘ﬁl&%%q JNVAGHDIPIGME ASERRIRNAM NS forondanls2sagibydisashloride
e

reaction rgglgtuorfee '1]
salt. Optionally the free base can be obtained by partitioning the hydrochloride salt between 1 M

aqueous %81%1%%%*3&%)9 solution and an organic solvent, e.g. ethyl acetate or dichloromethane. The
layers are separated and the aqueous layer is extracted with two portions of the organic solvent. The
combithed organic layers are 30 dried over anhﬁﬁ%‘ﬂg’lgg’dium sulfate, filtered and concentrated in
vacuo to give the free base of a compound of formula 1-2. General procedur%gjx-%): Cleavage of

N-tert-butoxsi¢ atbdnbrprefitieox vinroebbery R shinse By 11004d 30124 OV FEHR R
between 1 M aqueous sodiumbeygzicalsetbiptractdaidergiviceow8at&8uch as ethyl acetate or
dichloromethane. The layers are separated and the aqueous layer is extracted with two portions of the
organic sofyentifthe saphinedsarganiailayerssaretdie dodiderianhyarous sodyist siifete fiftérdd and
concentraed, I GH2I0 9Ve e dieebaseinl A comnpundsol s oAt fagnetahpmoedure (X):
Reductive N-a ylation A mixture of a compound of fprula 1-2 as free base or a%@éfﬁ’ﬁ?@%@ salt (1
eq, 019-0. 5P HIFInTAE PPeY b\?ﬁ%n(ﬁﬁpﬁgﬁ%roﬁhgoh;eagg "O1'& comipound 6f formula 122 is used)
and an alddfyule:ci2keétdhe{B)eq) in methanol is heated at reflux for 2-6 h. After cooling to 0 C sodium
10 cyanoborohydride (2-3 eq) is added. The reaction mixture is stirred for 3-16 h at room temperature
and quenched with 1 M aqueous sodium hydroXdemplefon. The aqueous layer is extracted with ethyl

acetate. The combined organic layers are dried over anhydrous sodium sulfate and concentrated in

vacuo. FlashigtresBiagoidinogives Ryl Myalklibedinpob o of foretiutk 3.6t 8B pderdifihb 2 Sol e (X1):
Reductive N-methylation A mixture of a cpRPLPEaEiPsMIdeche? as free base (1 eq, 0.1-0.2 M),
sodium acetate (1.1 eq), acetic acid (1.1 eq) and an aqueous formaldehyde solution (36%, 1.4 eq) in

dichl 6’tn%bea@§ei§o§%%&%£'%me@‘fér?%%lm&%%%%&@@%to?qm%mi%ﬂzﬁ‘gm is

added. The reaction mixture is stirred fqr 2- temperature and guenched wij gueous
20 sodiunvh§ErisheEs et ﬁ?%%@%%ﬁ%%ﬁ%}gé;gﬁ’sﬁ%%% an§ %)ﬁﬂ% %%fﬁ%(%fate. ng%gln%%}r?g%
organic layeigrave dried 606 antiirobd dfamitidiitate arPdteeriatddi Yacde ey (&)
chromatogvaphye-g s ai-NEmethyl compound of formula 1-3. Example 1

Example 5

25 tmns-1-(4-Benzo{d}isoxazoi-3~yl-cyciohexyl)-«8~chkor0-5,6-dihydro-4H -2,3,5.10b-tetraaza-
benzo[elazulene hydrochioride

The title compound was obtained as white solid in quantitative yield from trans-1-(4-
benzold}isoxazol:3-yl-cyclohexyl)-8-chloro-4H,6 H-2,3,5,1 (b-tetraaza-benzofe]azulene-5-
carboxylic acid tert-butyl ester according to general procedure (IX-a). MS m/e: 420 ([M+H])

30 Example 6

tmns-1-(4-Benzo[d]isoxazol-3-yl-cyciohexyi)-8-chloro-S~methyl-5,6-dihydr0-4ﬂ -2.3,5,10b-
tetraaza-benzolelazulene



cis-1-(4-Benzofrilisoxazol-3-yl-cyclohexyl)-8-chloro-4H,61/-2,3,5,10b-tetraaza25benzo[e3azulene-5-car
boxylic acid tert-butyl ester (cis/trans = 92:8) and Example 2
trans-1-(4-Benzol[dlisoxazol-3-yl-cyclohexyl)-8-chloro-41-1,6H-2,3,5,10b-Wtraaz
benzo[e]azulRE T8y lic acid ten-butyl ester 39, PCTIERS691

cis/trans-1-(4-Benzo|cflisoxazol-3-yl- cyc]ohexyl) -8-chloro-4H,6H-2,3,5, 10b tetraazabenzo[e]azulene-5-

carboxylic acid tert-butyl ester (92:8 ns 1 [d azol-3

~chloro-4H 1 mp @bwt"egt%’é?%% %?zilﬁeneg%& JZ%)%? C%%Ié t]e uh ﬁoga){esﬁ) W&
obtained éodtﬂﬂlh@ﬂtw@e&éké@@récﬁa@%@@vﬂﬁ aftet. EPhofvesgrapiel %@E‘é]#é?hd}y oride and
2011/134844RET4ERRAIL HODE8A] tbienkiytipagidenre (X). MS m/e: 434 ((M+H]")
cis/trans-4-Benzo|cflisoxazol-3-y1-cyclohexanecarboxylic acid hydrazide Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][ Jg4igipgepine-4-carboxylic acid tert- butyl ester
cis-1-(4-Benzo[d] isoxazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza- 5

benZ%e]aauLﬁngaéfﬁaqu wa%rmwﬂae}ﬁwa&%aﬁw@@mmpmMm@,gomme&a%yield. MS
m/e: 520 ([M+Hr) trans- 1

isoxazol-3-yl-cyclohexyl)-8- ch 616- iﬁléﬂefeé%%geﬁlrlggz% teerqtz'g alzeg ene-5-carboxylic acid

tert-butyl ester was obtained as hite oI|d 2% 10EXx

-1-(4-Ben2 BfdfiLo X8RN ¥t § SFB18, %@Cﬂmggr %%’a,gc%ﬂ%n?é 75D nzo? azulene
hydrochlofidét|cis/trans = 92: 8) The title compound was obtalned as white solid in quantltatlve yield
from cis- 1 dddagazo[dlisaxazoli3uykeyelohpiyl)8-aliloroit]abhe &bl Motelraaraith e indfelidzulene-5-

15¢ fJPO ﬁ)?aagn&eri bty estan(CiSArans 392iB4AREaRIING 10 Aens il Rracere i -Rld Ma.m/e:
420 (M Example 4

cis-1-(4- 1§% 16 B’ﬁsoxazol 3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,1013-

tetraaza- U@ﬁza{da&iﬁéﬁﬂ%@ﬁ?he title compound was obtained as white solid in 55% yield from cis

-1-(4-benzo[dlisoxazol-3- yl-cyclohexyl)-8-chloro-5 ,6-dihydro- 4H-2,3,5, 1 Ob-tetraaza-benzo [e]

azulene hydrochloride (cis/trans = 92:8) and paFaifmm&l”éehyde according to general procedure (X).

MS m/e: 420 ([M+Hr)
trans-8-Chloro-1-[4-(6-fluoro-benzo[d]isoxazol-3-yi)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-

15 tetraaza-henzo[elazulene hydrochioride

The title compound was obtained as off-white solid in quantitative yield from trans-8-chloro-1-
[4-(6-fluoro-benzo[dlisoxazol-3-yl)-cyclohexyl]-4H,6 H-2,3,5,10b-tetraaza-benzof eJazulene-5-
carboxylic acid rerf-butyl ester according to general procedure (IX-a). MS m/e: 438 (IM-+H

Example 9

20 trans-8-Chloro-1-[4-(6-fluoro-benzo|dlisoxazol-3-yi)-cyclohexyll-5-methyl-5,6-dihydro-4H-
2,3.5,10b-tetraaza-benzoleJazulene

The title compound was obtained as white solid in 62% yield from trans-8-chloro-1-[4-(6-fluoro-
benzo{dlisoxazol-3-yl}-cyclohexyl]-3,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene
hydrochloride and paraformaldehyde according to general procedure (X). MS m/e: 452 (M+HT

25 Example 16

trans-8-Chloro-1-{4-(5 -ﬂu{)re)wbenzo[d]isoxazol-S-y!)-cyclohexyl]-4H SHH-2.3.5 10b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester

The title compound was obtained as white solid in 34% yield according to general procedure
(VID).

30 Hydrazide: frans-4-(5-Fluoro-benzo[dJisoxazol-3-yl)-cyclohexanecarboxylic acid hydrazide
Thiclactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzole]{ 1 ,4]diazepine-4-carboxylic acid ter:-



Example 5 25trans-144-Benzo[d]isoxazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene hydrochloride The title compound was obtained as white solid in quantitative yield

from trans-144- benzo[d](lsoxazol -3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza-benzole]

azulene-5- cEYBAYHEAEA tert-butyl ester accordingfo general procedure TBEFAF MEH7E: 420
([M+Hr) 30Example 6 WO 2011/134877PCT/EP2011/056391 -62- The title compound was obtained
as white SO|Id in 55% yield from

trans-1-(4- T ?E)ttd]lsoxazol?; -yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzoNazulen
e hydrochifidecaddSdMfdiinaldehyde according to general procedure (X). MS m/e: 434 (1-M+Hr)
Example 7 5
trans-8-Chloro-144-(6-fluoro-benzoidlisoxazol-Bxdguglecldhexyl11-4H,6H-2,3,5,10b-tetraazabenzolelaz
ulene-5-carboxylic acid tert-butyl ester The title compound was obtained as off-white solid in 33% yield
according fa:gefdarhl grotdduyeilvdt)-bddyolidikdeszol-3-yl)-cyclohexyll-5,6-dihydro-4H-2,3,5,10b-

trans-4-(6-Fluoro-benzo[d]isoycazgh3a/Livplohexanaserarslinigeigehydrazide 10 Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzole[1,4]diazepine-4-carboxylic acid ten-butyl ester MS m/e:

538 (IM+FHE) F5Xample &d was obtained as white solid in 92% yield from frans-8-chloro- 45 fuoro-
trans-8- Ch oro 144-(6-flugro- benz&ﬁ lis GFTZ%? 3@% hexyl] -5,6- d?ixiﬂdro 4HO§ ,10h15tetraaza-be
nzo[e]azulSAEHARSE R r et %75 % OB HE RS ¥ C EI 1V yield
from trang<@tdnigt@sier according to general procedure (IX-a). MS m/e: 438 ([M+H]"

[4-(6-fluoro-benzokilisoxazol-3-y1)-cyclohexyll-4H,6H-2,3,5,10b-tetraaza- benzolejazulene-S- carboxylic
acid tert-butyl ester according to general proceBussfil¢-83. MS m/e: 438 ([M-EHr) Example 9 20
trans-8-Chloro-144-(6-fluoro-benzo[d]isoxazol-3.11)-cyclohexyll-5-methyl-5,6-dihydro-411-

2,3,5]10b- tetra&-ahisnad¢ i ibne d-berig/tiomapecirtl wacyoluiainel]- Aanatiitd- Sehdilty 6% Kield from

trans-8-chloro-114-(6-fluorobenzoldlisgxagg-gah sy sla@ kaRssdinydro-4H-2,3,5,10b-tetraaza-benz
o[e]azulene hydrochloride and parafonnaldehyde according to general procedure (X). MS m/e: 452

E[M-" 28553h| kljzgm %)und was obtané(,d as whxtlt §01161 n 7|5‘ﬁ uﬂlgi 21 I(-)ll% irfm -8-chloro-1- Ed -(5-fluoro-

rans- oro- lugro-benzo Z0]-5-yU-C ex raaza-

benzo[e]akTHE. 53%%& st a2 S e ezt antene
hydrochloride and paraformaldehyde according to general procedure (X), MS m/e: 452 ((M+H]")

15 Exampie 13

trans-8-Chloro-1-{4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-
benzo¢lazuiene-S~carboxylic acid fert-butyl ester

The title compound was obtained as off-white solid in 21% yield according to general procedure
(VHI).

20 Hydrazide: trans-4-1soxazolo[5,4-b}pyridin-3-yl-cyclohexanecarboxylic acid hydrazide
Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][1,4}diazepine-4-carboxylic acid fers-
butyl ester
MS m/e: 521 ((M+H])

Example 14

25 trans-8-Chioro-1-(4-isexazolo[4,5-b pyridin-3-yi-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzole]azulene hydrochloride

The title compound was obtained as white solid in 94% yield from i#rans-8-chloro-1-(4-
isoxazolo[4,5-b}pyridin-3-yl-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-benzof eJazulene-5-
carboxylic acid fert-butyl ester according to general procedure (IX-a). MS m/e: 421 ([M+11")

30 Example 15



The title compound was obtained as white solid in 34% yield according to general procedure (VIII). 30
llydrazide: trans-4-(5-Fluoro-benzol[d]isoxazol-3-y1)-cyclohexanecarboxylic acid hydrazide Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tctrahydro-benzo[e][1,4]diazepine-4-carboxyl ¢ acid ten- WO

201111348 7WPEHEBHG11/056391 -63- butyl esterMS m/e: 538 (M+H]4) EXGMPIE 11
trans-8-Chloro-14445-fluoro-benzo[d]isoxazol-3-y1)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b5tetraaza-be

nzo[e]azulene hydrqchloride The title ¢ nd, was, obtained as white solid in 92% vield from
trans-8-chIo‘?gﬂag[%%ﬁ%&dB%h?&ﬁ?é%ﬁ@?%yéa%ﬁ %%%‘%Yé '!E?ﬁ%?i%%:‘%‘fﬁé\(g?ﬁ enzole]azul
ene-5-carboxylic acid tert-butyl este?-a<etilirinrgaberIPE BB (1X-a). MS m/e: 438 ([M+H))
Example 12 10

trans-8-CHileroild 448afioend-venz oflisoskazovdifd ) seyicl oive Xyifes sneethifion: 6Lty drehlorrp 13(5%: 10b-tetr
aaza-benzglalazulenesfheiditlescanpadnek Was ehiained-as winie Solicifazadeyield fiomene
trans-8-chloro-114-(5-fluoro relli 120l-3-y1)-cyClC =0-03010YeR0¢kl:4,3 a-benz
o[daz § Ienlg %Jlrlo%%%% i fe? gﬁpﬁﬁg?ém%%ﬁéé%&%gﬁgﬁgE;%g%grla?lX[%gclgcgll u%%)%%@n%gﬁw
([M-1-11r) 15Example 13 camule 16
trans-8-ChIoro-l-(4-isoxazo|o[4,5-blpyridin-3-yEcyé?gll1exyl)-4H,6H-2,3,5,10b-tetraaza-

benz zul -5-carboxyli id - The titl i ff-whi lid
A A R R Sttt

trans-4-1soxazolo[5,4-b]pyridibeBsplcipgid pesarias: .%ﬁylﬁ?mﬂ’ﬁ%%lz?&@fr hiolactam:

7-Chloro-2-thioxo-1 ,2,3,5-tetrahydro-benzo[e][1,4]diazepine-4-carboxylic acid ten-butyl ester MS m/e:
521 ([M+1H9 Exlarmpbepddnd was obtained as light yellow solid in 50% yield according to general

25traps-8rilr@ele(#tigoxazolo[4,5-14yridin-3-yl-cyclohexyl)-5,6-dihydro-411-2,3,5,10b-
tetraaza- hengolelazyisne LRrIgHde, e Se:corpane s hiRliRdas Wi RRlld in 94% ield

from trans- _-c% or%-iv?ff- ) , " ic acid
isoxazoloS BAMdm G eBiRgyiatiekirs by & orbEntaldbL Al Haraingab G ik ic acid
tert-butyl éstgrc@agrording to general procedure (1X-a). MS m/e: 421 ([M+111+)

MS m/e: 521 ((M+H]"

15 Example 17

trans-8-Chloro-1-(4-isoxazolo]5,4-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-411-2,3,5,10b-
tetraaza-benzo[elazulene hydrochioride

The title compound was obtained as light yeHlow solid in quantitative yield from frans-8-chloro-
1-(4-isoxazolo[S,4-b]pyridin-3-yl-cyclohexyl)-4H,6H-2,3,5,10b-tetraaza-benzo[ e]azulene-5-
20 carboxylic acid fers-butyl ester according to general procedure (IX-a). MS m/e: 421 (IM+HT)

Example 18

trans-8-Chloro-1-(d-isoxazolo[5,4-blpyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4H-
2.3,5,10b-tetraaza-benzo[e]lazulene

The title compound was obtained as white solid in 76% yield from trans-8-chloro-1-(4-
25  isoxazolo[5,4-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzol ¢lazulene
hydrochloride and paraformaldehyde according to general procedure (X). MS m/e: 435 (IM+H]5)

Example 19

trans-1-(4-Benzo[d]isothiazol-3-yi-cyclohexyl)-8-chioro-4H,6/4-2,3,5,10b-tetraaza-
benzolelazulene-5-carboxylic acid fert-butyl ester

30  The titie compound was obtained as off-white solid in 63% yield according to general procedure
(VII).



WO 2034877PCT/EP2011/056391 -64-
trans-8-Chloro-1-(4-isoxazolo[4,5-blpyridin-3-yl-cyclohexyl)-5-methy1-5,6-dihydro-4H-

2,3,5,10b-tetraaza-benzoJe]azuIene The title compound was obtained as white solid in 75% vyield from
trans-8-chlorfd X41/13487 PCT/EP2011/056391

654
isoxazolo[4,5-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzorelazulene 5
hydrochloride and paraformaldehydc according to geperal proced rea%x -MS m/c: 435 am+Fin
Example %é%?%%@sﬁéﬁfa‘#a‘ﬁ?@%@&61%#4%‘&%%8%-’?-%98;?(:?6‘% 3%y Igll.:'ﬁ[€§ 1%3,5,10b-tetraaza-
benzo[elaFhielaeisnc Arbblgicaditvreri- s itestbrdroraaiel dohibampinnas ubaned ¥l ight yellow
solid in S@awieteaccording to general 10 procedure (VIII). Hydrazide:

trans-4-Ism&q%é-(é@@qmpin-3-y1-cyclohexanecarboxylic acid hydrazide Thiolactam: .
7-Chloro-2-thioxo-1,2.3,5-tetrahydro-benzo[e][1,4]diazepine-4-carboxylic acid ten-butyl ester MS ink:
521 ([M+H]4) 15Example 17 <amole 20

trans- -Chloro-l-(4-isoxazolo[5,4-b]pyridin-3-yEcychf8#1exyl)-5,6-dihydro-4H-2,3,5,10b-

tetraaza-benzo| lene_hydrachloride The fitle ¢ dw taine li llow solid in
quariiai GBI AL OB b S o Pt
-3-yl-cyclohexyl)-4H,6H-2,3,5,10b-tetrbgpaolsdamiens 5490 carboxylic acid tert-butyl ester
according to general procedure (DC-a). MS m/e: 421 ([M+H]) Example 18
trans-8-CRlerditfle(4ismeand|of3y - Bligrrdines-yifoykishssdi - 5L rHesmai 6 dyigldréram) rrans-1-(4-
2,3,5,10b#girapza-henzoldazuiariehe e sithicamignuAd)Bes 10btaited adanhilesolidia- 76% yield

Trom Iban%@b%t} fo Z_l%i_cgzli'e%%utyl ester accordinc%'_ to general procedure (IX-a). MS m/e: 436 ﬁ[M+H}+)
isoxazolo[5,4-14pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-tetraaza-benzo[e]azulene

hydrochloride and parafonnaldehyde accordingagg)algl%qgﬁl procedure (X). MS in/e: 435 ([M-4414)
Example 19
tmns»1-(4-Benzo[d}isothiazol-?i-y[-cyciohexyl)-8-ch10ro~S-rﬁethyl-5,6-dihydr0-4H—2,3,5,10b-
tetraaza-benzof[e]azulene

The title compound was obtained as white solid in 86% yield from trans-1-(4-

15 benzold]isothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzofelazulene hydrochloride and paraformaldehyde according to general procedure (X).
MS m/e: 450 ((M+HT

Example 22

trans-1-(4-Benzo[dlisothiazol-3-yi-cyclohexyl)-8-chloro-5-cyclobutyl-5,6-dihydro-4H.-
20 2.3,5,10b-tetraaza-benzolejazulene

A solution of  trans-1-(4-benzold]isothiazol-3-yl-cyclohexyl)-8-chioro-5,6-dihydro-4H-
2.3,5,10b-tetraaza-benzo[e]azulene (35.0 mg, 0.0803 mmol), cyclobutanone (11.3 mg, 0.161
mmol) and acetic acid (0.009 ml, 0.2 mmol) in I,2-dichloroethane (0.8 ml) was stirred at room
temperature for 20 h. After addition of sodium triacetoxyborohydride (37.4 mg, 0.177 mmol} the
25  mixture was stirred for 1 h. Addition of methanol (0.5 ml) and N-ethy! diisopropylamine (0.028
ml, 0.16 mmol) to the reaction mixture was followed by concentration in vacuo. Preparative RP-
HPLC with water (0.05% formic acid) / methanol as eluent gave the title compound (27 mg,
69% as white solid. MS m/e: 490 (IM+H]") '

Example 23

30 trans-{2-[1-(4-Benzo[d}isothiazol-3-yl-cyclohexy!)-8-chloro-4H,6 H-2,3,5,10b-tetraaza-
benzolelazulen-5-yi]-ethyl}-methyl-amine



trans-1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester WO 2011/134877PCT/EP20 /056391 -65-
Hydrazide: trans-4-Benzo[dilsothiazol-3-yl-cyclohexanecarboxylic acid hydrazide Thiolactam:

7-Chloro-2-ték&t1 /33875 tetrahydro-benzo[e][1,4]digzepine-4-carboxylic REHTREH (RS ter MS mie:
536 ([M+H]4) Example 20

trans-1-(4-Benzold]isothiazol-3-yl-cyclohexy0-8-chloro-5,6 10

benzo[e]a> dHETRGetToidePt et B uhY W06 ﬁe% %l;ob(ff ﬁl@%‘gﬁﬁ?ﬁa&@n it5tive yield
from trangefr@a-benzofelazulene (35.0 mg, 0.0803 mmol), cesium carbonate (103 mg, (.321 mmoi) and
benzo[d]isothiazekmnybeiglehrd)-&yeeitofik GHi 2 3:0, INirieiaannibenzoalaruionsend) $as

carboxyli ! Gl |
L
|

tetraa?a- B%ﬁ‘fﬁﬁ%]éﬂé‘ﬂ@“?ﬁ%St?ﬂ’é“@b%%&%ﬁ?%?aﬁ%era E?Wh‘rfgyéo‘?lf&t M frans-I-(4-
15 benzofsilis otprztd3FHecywlorendiya-shiorstBe:dinydrdutk DB Haoinerhadabettiafe]Abtlene
hyd rochlocs'tqﬁtma parafrmaldehyde ascordinglto:genesabPpieaatdusRGHINIS mife: ¢aor([M639t)

Example 2 .
ethanol as eluent gave title compound (19 me, 48%) as off-white solid. MS nv/e:
trans-1-(4- %mrllzo §on?1|azo -3- ylbc; o’ﬁexyls 8-chloro-5- c(yclobutyl §)6 -dihydro-4H202,3,5,10b-tetraaz

a- benzo[e‘ﬁ%lﬂ M Adolutionoftrans-1- -(4-benzojcflisothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzo[e]azulene (35.0 mg, 0.0803 mmol), cyclobutanone (11.3 mg, 0.161 mrnol)
and al@etlc acid (0.009 ml, 0.2 mmol) in 1,2- dlcﬁ@%% (0.8 ml) was stirred at room

trans-1-[1-(4-Benzo|d]isothiazol-3-yl-cyclohexyl)-8-chloro-4H,6 H-2,3,5,10b- tetraaza-
benzo[e]azalen-5-yl}-ethanone

To a solution of frans-1-(4-benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-

2.,3,53,10b-tetraaza-benzo[elazulene (35 mg, 0.080 mmol) and triethylamine (0.022 ml, 0.16
15 mmol) in dichloromethane (0.8 ml) was added acetyl chloride (0.011 mi, 0.16 mmol) at room

temperature, Stirring for 20 h was followed by partitioning between water (20 ml) and ethyl

acetate (25 ml). The layers were separated. The organic layer was washed with two 25 mi-

portions of water. The organic layer was concentrated in vacuo. Preparative RP-HPLC with

water (0.05% formic acid) / methanol as eluent gave the title compound (26 mg, 68%) as white
20 solid. MS m/e: 478 ((M+H]")

Example 25

trans-1-[1-(4-Benzo[dlisothiazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraaza-
benzo[ejazulen-5-yi]-2-dimethylamino-ethanone

A solution of N N-dimethylglycine (9.9 mg, 0.096 mmo}) and HATU (37 mg, (.096 mmol} in

235 N,N-dimethylformamide (0.8 ml) was stirred for 5 minutes at rocom temperature. frans-1-(4-
Benzojd]isothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo[e]azulene (35 mg, 0.080 mmol) and N-ethyldiisopropylamine (0.033 ml, 0.19 mmol) were
consecutively added. The reaction mixture was stirred for 20 h. Preparative RP-HPLC with water
(0.05% formic acid) / methanol as eluent gave the formate salt of the title compound, which was

30 liberated to the free base by filiration over aminopropyl modified silicagel with methanol (20 mi)
as eluent. The filtrate was concentrated to dryness. The residue was redissolved in ethyl acetate,
filtered and concentrated to dryness to give the title compound (21 mg, 50%) as off-white solid.
MS m/e: 521 {{M+H]"

Example 26



temperature for 20 h. After addition of sodium triacetoxyborohydride (37.4 mg, 0.177 mmol) the 25
mixture was stirred for 1 h. Addition of methanol (0.5 ml) and N-ethyl diisopropylamine (0.028 ml, 0 16
mmol) to the reaction mixture was followed by concentration in vacuo. Pr%ggr %el l%EAéQILC with water
(0.05% foimi¥ @éfl}/Aithanol as eluent gave the file compound (27 mg; &) as White solid. MS
m/e: 490 ([M+Hr) Example 23 30trans-{241-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-4/1,6
A U AL Pt L e U R A
trans-1-(4-benzo[d]isothiazol-3-yl-cyelehd®htesrantarbenidiagalenaH-2, 3,5, 10btetraaza-benzo[e]azul
ene (35.0 mg, 0.0803 mmol), cesium carbonate (105 mg, 0.321 mmol) and 2-methylaminoethyl
chloride Hyerochlaridgo( 18 mgyG-323-hemroldiisedétonigid-@damrwas seledd dr FbY¥ 920 h. After
cooling toroenmiseRelAls 1he TRAGkeN (REXHHES Wasipatiiiionedd tetueanitcM@otEous 8ddium

hydroxide solution 2.ml) and eth te (., _ C yer was
extracéedWH%iﬁPeé@}Pﬁ)Pgéﬁk%nﬁg%%Z% Sk &ﬂﬁmwﬂﬁﬁ%@@% lg%ggw%ﬁigyated in

N e?ryl acetate. The comblgefé.orgamé: Iaé/?lrsvgv
vacuo. Préparamverepatst SHitRafater (8. 0856 (oM b di P RRIAGTAH h RIS ave title compound
(19 mg, 4884 as offswiiteesotidMS nkrd OB ¢fMradud+} B G EHRdmplighowater (0.05% formic acid) /

trans-1-[15{4aBe szl dlisatiazond wrevsiapand) 8 chio 8240 iRid bl bt treazar4 (M-+H]")
benzo[dazulen-5-yll-ethanone To a solution of
trans-1-(4-benzoldlisothiazol-3-yl-cyclohexy!)-8eghlagRed-dinydro-4H- '
2,3,5,10b-tetraaza-benzo[dazulene (35 mg, 0.080 mmol) and triethylamine (0.022 ml, 0.16 15 mmol) in

dichloromethane . YVas: S NIorde,(9.01L IDENGH 2L 38omesmRRmRture.
Stirri(r?]g for %@ﬁe\%@s 0 1!3\/%?35‘5%&%‘%?% Eélé?v[\l/ﬂ g?l?ivgal}g?%%g xjif)grlmds?thyl acetate (25 ml). The
layers were separated. The o?ﬁ%‘i%%h% '\%ﬁ.{z}?é% witls" Wsrgk mi-portions of water. The organic
layer was concentrated in vacuo. Preparative RP-HPLC t%] W%’i;r 0.05% formic gc'dﬁ/ mgtpeanol as
eluent gaveh@GtOBPRNPEUNES (R4 sBoBfhAE \ﬁﬂ‘\ﬁielﬁg/ é il M e Wﬁé?[ﬁﬁfiﬂ JE ample 25
trans-141{MHIBenzo[d]isothiazol-3-yl-eyclohexyl)-8-ehloro-4H,6H-2,3,5,10b-letraaza-
benzo[e]agylgnervbadimeihylamisprsthanenenss salutidorekhisimethyialchydr@idemg, 0.096
mmob.and AR (31 m@h%‘%— EE{}EE‘;%'A',333JF&PA]@@&%A%f@ﬁ@ﬁ%&@&n@ﬁmﬂﬁ@ch@r:e'izmInutes

at room temperature. trans-
Benzo[c]iwﬂaﬁ‘i&l’s-ylrcyclohexyl)-8-ch|oro-5,6-dihydro-4H-2,3,5,10b-tetraaza— benzolel azulene (35
mg, 0.080Nfsnob): &44d thetHidiisopropylamine (0.033 ml, 0 19 mmol) were consecutively added. The
reaction mixture was stirred for 20 h. Preparative RP-HPLC with water (0.05% formic acid) / methanol
as eluent gave the formate salt of the title comExamaple/B¥ch was 30 liberated to the free base by
filtration over aminopropyl modified silicagel with methanol (20 ml) as eluent. The filtrate was

concentrategldey By gsso-Tha@-isabideolds, sadissdtiadiyiatisloheeyiks, Giddiedrarticddds Hitated to
drynegs to give the title compound (21 mg.a(2%). genRfivhiiaeRlid. MS m/e: 521 ([M-i-HJ)

The title compound was obtained as off-white solid in 98% yield from trans-8-chloro-1-(4-
isothiazolo[4,5-b]pyridin-3-yl-cyclohexyl)-4H,6H-2.3,5,10b-tetraaza-benzole]azulene-5-
carboxylic acid tert-butyl ester according to general procedure (IX-a). MS m/e: 437 ([M+I1]5)

Example 29

25 trans-8-Chloro-1-(4-isothiazolo[4,5-b|pyridin-3-yl-cyclohexyl)-5-methy!-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzolelazulene

The title compound was obtained as white solid in 66% yield from trans-8-chloro-1-(4-
isothiazolo[4,5«b]pyridin~3—y1—cyciohexy1)—S,6-dihydro—4H—2,3,5,1Gbmtetra&za—benzo[e]az,ulene
and paraformaldehyde according to general procedure (X). MS m/e: 451 (M=+I11H

30 Exampie 30

trans-8-Chloro-1-(4-isothiazolo[ 5,4-clpyridin-3-yi-cyclohexyl)-4H ,6H-2,3,5,10b-tetraaza-
benzo[elazulene-5-carboxylic acid fert-butyl ester



WO 2011/134877PCT/EP2011/056391 -67-
trans-1-(4-Benzold]isothiazol-3-yl-cyclohexyl)-8-chloro-5-methanesulfonyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzo[e]azulene To a solution of
trans-l-(4-bévr%6‘[m@%%%zol-&yl-cyclohexyl)-8-chtg;o-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzo[e]azulene (35 mg, 0.080 mmol) and triethylamine (0.022 ml, 0.16 5 mmol) in

dich'°f°meth@gég-a%?g}l@ga%ﬁ&q?gff@%%h9% SRUlamHoHAG 4 04 it O 4 C.eama) Abeaem

temperataﬂ‘-‘f. was followed by quenching with methanol (0.5 m1). The mixture was
concentr&¥8dlin vacua. Preparative RP-HPLC with water (0.05% formic acid) / methanol as eluent
gave the Htleraatpawns-{3doh gy 825 ) as] pyhideosbiid-oi® nsansaa it ac B i d7
10trans-8p{h|0ros - (-isethiaz alald.Dr Apyligingdkeysiobpiyl) ddibkpine315; Abbxtgiraszia rert-
benzo[e]azulene-5-carboxylic acid tert-butyl ester The title compound was obtained as white solid in
77% 9iel<§"ﬁé’§8§ﬁ”ﬁ1g to general procedure (VII). Hydrazide:

trans-4-19¥9thingo S8[4BLIRYridin-3-y1-cyclohexanecarboxylic acid hydrazide 15 Thiolactam:
7-Ch1oro-2-thioxo-l,2,3,5-tetrahydro-benzo[e]é1,4]diazejloine-4-carboxylic acid ten-butyl ester MS in/e:
537 ([M+FI]H) Example 28 xample 3
trans-8-Chloro-1-(4-isothiazolo[4,5-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b20tetraaza-benz
o[e]azuIen@-iﬂm&iﬂhl:mmmmmmf&ﬁﬁm@dﬁ@m@&@n&qw@%@ﬁ%@F@rﬁﬁr&rﬁ%&ﬁoro-1-(4-
isothiazolo[4,5-b]pyridin-3-yl-cyclohexy|xéirhbi-Béh old)aziatimaza-benzolelazulene-5- carboxylic acid
tert-butyl ester according to general procedure (1X-a). MS m/e: 437 ([M+Hr) Example 29
25traps-81¢:hiae-Jdsidsisathinzolaidip-plavidingdnd e yelahaxybahtimetoyicsi Grdifydres 4thloro-

1-(4-isothiazolo[ 5. 4-c]pyridin-3-yl-cyclohexyl)-4H,6H-2,3.5, 10b-tetraaza-benzo| eJazulene-5-

carboxylic acid rert-butyl ester according to general procedure (IX-a). MS m/e: 437 ((M+H]")

PCT/EPZ011/056351

Example 32

tmns—S-Chloro-l-(4-isothiazolo[4,S-ab]pyridin-3~yl—cyclohexyl)-s-methyl-5,6-dihydro»4H -
i3 2,3,5,10b-tetraaza-benzolelazulene '

The title compound was obtained as white solid in 33% yield from trans-8-chloro-1-(4-
isothiazolo[s,4«c]pyridin—3—yl—cyclohexyl)—5,6~dﬁhydro—4H—2,3,5,1()b—tetraaza«benzo[e]azulene
and paraformaldehyde according to general procedure (X). MS m/e: 451 (M+HT.

Example 33

20 cis-1-(4-Benz0[d}isothiazol-3—yl-cyclohexyl)-8~chlor0-4H,6H-2-,3,S,mb-—tetraaza-
benzo[e]azulene-S-carboxylic acid tert-butyl ester

The title compound was obtained as white solid in 75% yield according to general procedure
(VIID).
Hydrazide: cis-4-Benzo[d]isothiazol-3-yl-cyclohexanecarboxylic acid hydrazide

25 Thiolactam: 7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzo[e][ 1,4] diazepine-4-carboxylic acid fert-
butyl ester
MS m/e: 536 ([M+H]")

Example 34

cis-1-(4~Benza[d]isothiazol-S-yl~cyclohexyl)-8-ch!0r0-5,6-dihydr0-4H-2,3,5,10bwteiraaza-
30 ' benzoielazulene



2,3,5,10b-tetraaza-benzo[e]azulene The title compound was obtained as white solid in 66% yield from
trans-8-chloro-1-(4-
isothiazolo[4,5-b|pyridin-3-y|-cyc|ohexyl)-5,6-dihydro-4/1-2,3,5,10b-tetraaza—benzo{glazuIene and
paraformald&§d8'4é8iting to general procedure £¥). MS m/e: 451 (M+EEYETRIMRNE 30 wo
2011/134877PCT/EP2011/056391 -68- The title compound was obtained as white foam in 73% yield
according_(gto general procedure (VITh. H)J/%razide' - L. Lt Gield f (4
trans-4-1s0MGia Bfo SRRV 2 PREGHE e%n%%ﬁ?bé%ﬁc LeidHYHra%Ge FRidIacthm. (
7-Chloro-betirielddisbiarslidtrilayeldsahrdid]jara FaldrEgideid Baltighd aeid tre s beyl ester MS
nate: 537 {MbHinExam@ienadyl ester according to general procedure (IX-a). MS m/e: 436 ((M+HT)
trans-8-Chloro-1-(4-isothiazolo[5,4-c]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4H-2,3,5,10b-
tetraaza-benzo[e]azulene 10 The title compougkyyagieBsained as light yellow solid in quantitative yield
from trans-8-chloro-
1'(4'i%°thi%’B‘P@%&Mﬂgieeﬁa)ﬁﬂ.@glﬂ-%wibﬂéﬁt@%ﬁ&&%@i@%@s@ﬁ;@&@mlgmmsarboxylic
acid tert-butyl ester according to general 1§{ocedl:ggn(flt>)ﬁej‘)m MS {gn/e: 437 ([M+H]) Example 32
trans-8-Chloro-1-(4-isothiazolo[4,5-b]pyri |ﬁ£-’§-zf/'l-cyc o} xyV)f‘a"-methyl-S,6-dihydro-4H152,3,5,10b-tetra
IO R e Compound was -Obiarad O iSRG A3 SR "9 e
isothiazolbBzplglbseibired-phdyerolsdrybsiediprdiS4ihpdm stich 3 tkihAalBarzo[e]azulene and
paraformajgehyse atae dingrimgengtabplgsackaa ORIV Sntee:45D ([M+HI)) Example 33
20cis-1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-41E611-2,3,5,10b-tetraaza-
benzo[e]azulene-5-carboxylic acid tert-butyl ester The title compound was obtained as white solid in
75% yield according to general procedure (V).



Hydrazide: cis-4-Benzo[dlisothiazol-3-yl-cyclohexanecarbOxylic acid hydrazide 25 Thiolactam:
7-Chloro-2-thioxo-1,2,3,5-tetrahydro-benzoreJ[1,41diazepine-4-carboxylic acid tent- butyl ester MS
m/e: 536 ([W@%ﬁﬁg@We 34 WO 2011/134877PCT/EP2011/056391 -69-The JillesQqapound was
obtained as white solid in quantitative yield from ciggl44-
benzold]isothiazol-3-yl-cyclohexyl)-8-chloro-41-1,61-1-2,3,5,10b-tetraaza-benzo[ejazulene-5-
carboxylic acid tert-butyl ester according to genefrgl;grocedure (IX-a). MS m/e: 436 ([M+1-1]+)
Example 35 5cis-1- (4 Benzo[d]isothiazol-3-y|-ey'é‘|b‘ﬁ'é‘>‘<yl)-8-chIoro-5-methyl-5,6-dihydro-4H-2,3,5,10b-
tetraaza- er}gg{ﬁl}% e f'g utf(fr?hcompound was obtained as white solid in 52% yield from
cis-1-(4- benzo ot |az exyl)-8-chloro-5,6-dihydro-411-23,5, | Ob-tetraaza-
benzo[e]azulene according to general procedure (XI) m/e: 450 ([M+I-1]) WO
2011/134877PCT/EP20111056391 -70- Claims 1. A co pound of the formula | wherein 5 R1 is
selected from. thegroup consisting of i) 5

R
Q\N\
N

R’ [
wherein
5 R'is selected from the group consisting of
i H,

ity  -Cyg-alkyl, unsubstituted or substituted by 1 to 5 substituents individually selected

from the group consisting of OH, halogen, cyano and C, s-alkoxy,

iit) ~S(0)y-Cyg-alkyl, wherein the Cjg-alkyl is unsubstituted or substituted by 1 to 5
10 substituents individually selected from the group consisting of OH, halogen, cyano
and C,¢-alkoxy,

iv) -C(0)-C¢-alkyl, wherein the C,¢-alkyl is unsubstituted or substituted by 1 to 5
substituents individually selected from the group consisting of OH, halogen, cyano
and C,¢-alkoxy,

13 vy -C(0)O-Cis-alkyl, wherein the C;.¢-alkyl is unsubstituted or substituted by 1 to 3
substituents individually selected from the group consisting of OH, halogen, cyano
and Cy ¢-alkoxy;

vi) cycloalkyl, unsubstituted or substitated by 1 to 5 substituents individually selected
from the group consisting of O, halogen, cyano, Cy.¢-alkyl and C, s-alkoxy,

20 Vi) -S(0)-(CH,)-NR'R", wherein
gisOorl,

R'and R" is each individually selected from the group consisting of H and C;.g-alkyl,
or R' and R" form together with the nitrogen to which they are attached a 3- to 7-
membered heterocyclyl comprising one or two heteroatoms individually selected
25 from N, O and S, and which heterocyclyl is unsubstituted or substituted by 1 to 5



i) unsubstituted or substituted by 1 t6 5 substituents individually selected from the group consisting of
OH, halogen, cyano and C15-alkoxy, iii) -S(0)2-C1_6-alkyl, wherein the C1..6-alkyl is unsubstituted
or substitutegdoy, 44 I & -A0substituents individually selected from the grouptq(;mg%gj 911, halogen,
cyano and Ci..6-alkoxy, iv) -C(0)-C1_5-alkyl, wher@in the C1_6-alkyl is unsubstituted or substituted by
1 to 5 substituents individually selected from the group consisting of OH, halogen, cyano and

C1_6-alkoxy, 15v) s%%&%&mu% Wﬁ%éﬁ!&é@%&h%”‘g&b upsipsiityted Qlosyhntituiedby 1 o 5
substituents |nd|V|d y S (if;oqﬁrom e group consisting of OH, halogen, cyano and C16-alkoxy;

cycloalkyl, unsubsfri e "o titéd by 1 to 5 substituents individually selected from the group
consisting of OH halo cyano, C1 6-alkyl and C1_6-alkoxy, 20vii) -S(0)2-(CH2)g-Nler, wherein q is
0 or 1, Ri and"BH is" 5@9{ glyv}rﬁua‘ﬂg}eg@lbcted from the group consisting of H and C16-alkyl, or Ri and
le form together with the nitrogen to which they are attached a 3- to 7- membered heterocyclyl
comprising one or hWolhet&rdatoms individually selected 25from N, 0 and S, and which heterocyclyl is
unsubstituted or substituted by 1 to 5 WO 2011/134877PCT/EP2011/056391 -71- substituents
indivitlually selecteR Teamh Rhe resipiednisiatihy sofeoted, fiieto dereroasearnes i CH @hfKoxpliuiti)
-(CH2),-Nler whereinifsahd R6r{3:blerantlRRitis hachtindividuallyiseleeteséremdhel graipcensisting

of H and C1_6-alkyl, gf B, 3a. R formd Eﬁ%‘?ﬁﬂﬁr With the RHBOH&'&rE%t‘A’Q'sChnﬁl% f@&%&%ﬁ as-to

7- membered heterocycgl comprlsmg one or two eteroatoms individually selected

and which heterocyOf i$-Ul<ttstntBd BPEhsitsdh) iStBI%%Bgf&@e?ﬁss?ﬁaW}H‘tpaIstI@c?ed from
the group consistirgofibxethaidyedyally slek@dlkytranteCgrogratikomystangdoik pxC(OCE), Nrvi,
whergin alkyl and C;.¢-alkoxy, and
ix) —C(O)CH)-NR'RY, wherein
sisl,2or3,

RY and R™ is each individually selected from the group consisting of H and C¢-alkyl,
or R" and R" form together with the nitrogen to which they are attached a 3- to 7-

15 membered heterocyclyl comprising one or two heteroatoms individually selected
from N, O and §, and which heterocyclyl is unsubstituted or substituted by 1 to 5
substituents individually selected from the group consisting of oxo, halogen, Ci¢-
alkyl and Cy 4-alkoxy;

R”is halogen;

20 R’ is heterobiaryl, unsubstituted or substituted by I-5 substituents individually selected from the
group consisting of OH, halogen, cyano, Cyg-alkyl, C,.s-alkoxy, halogen-Cjys-atkyl, halogen-C,.
g-alkoxy and hydroxy-C ¢-alkyl;

or a pharmaceutically acceptable salt thereof.
2. A compound according to claim I, wherein R' is selected from the group consisting of
25 i) H,
ity  -Cig-alkyl,
i) -S(0):-Cie-alkyl,
iv) -C{O)O-Cye-alkyl,

v)  cycloalkyl,



sis 1, 2 or 3, Wl and Rvi is each indi\/idﬁally selected from the group consisting of H and C1 -6-alkyl,
or 12." and Rvi form together with the nitrogen to which they are attached a 3- to 7- 15 membered
heterocyclykggmytising,one or two heteroatoms individually selected from N, Shafid sxcad which
heterocyclyl is unsubstituted or substituted by 1 toBsubstituents individually selected from the group
consisting of oxo, halogen, C15-alkyl and C1_6-alkoxy; R2 is halogen; 20 R3 is heterobiaryl,
unsubstituted.gy sulstityteeky: -3 aigtituents individually selected from the group consisting of OH,
halogen, cyano, C1_6-alkoxy, halogen-C1_6-alkyl, halogen-C1_ 6-allcoxy and hydroxy-C1"6-alkyl; or a
pharmaceutically arngptz'lpll% salt thereof. 2. A compound according to claim 1, wherein Rl is
selected from the group consisting of 25i)H, ii) iii) -S(0)2-C1_6-alkyl, iv) -C(0)0- Cl 6- aIkyI V)

cycloallyl WO 204U A3AEF1ECHER SARIRSIRL I ) ACHRINE RIS LAl 3 F
and Rw is each individUal yselectedn lf?uafygroup conS|st|nggo? and 8ig6 aI and By

-C(0)(CH2),-Nny, #¥erein s is 1, 2 or 3, Rv and Rvi is each individually selected from the group
consisting of Hand C -alkyl, 3. A compound according to any of claims 1-2, wherein Rl is selected
from the groupiBondistng bk NRekhylwegedtbutyl, methyl-2-ethylamine, 1-oxo-ethyl,1-ox0-2- 10
(dimethylarnino)-ethyl and metbyl-sulfonyl. 4. A compound according to any of claims 1-2, wherein RI
is selected from theigrodpocdnsisting of -C1.6-alkyl, cycloalkyl, -(CH2)2-N(C1,6-alky1)2 and
-C(0)(0-12)-H(C1-6-alkY1)2.

R" and R" is each individually selected from the group consisting of H and Cy.¢-alkyl,

3. A compeund according to any of claims 1-2, wherein R' is selected from the group
consisting of H, methyl, cyclobutyl, methyl-2-ethylamine, 1-oxo-ethyl, 1-oxo0-2-
1)  (dimethylamino)-ethyl and methyl-sulfonyl.

4. A compound according to any of claims 1-2, wherein R' is selected from the group
consisting of -C.g-alkyl, cycloalkyl, -(CH2),-N(Cy.g-atkyl); and —C(O)(CH,)-N{C;.¢-alkyl),.

5. A compound according to any of claims 1-4, wherein R’ is selected from the group
consisting of methyl, cyclobutyl, methyl-2-ethylamine and 1-oxo-2-(dimethylamino)-ethyl.

15 6. A compound according to any of claims 1-3, wherein R* is chloro.

7. A compound according to any of claims 1-6, wherein R® is heterobiaryl, unsubstituted or
substituted by 1-2 halogen.

8. A compound according to any of claims 1-7, wherein R’ is benzo[dJisoxazolyl,
isoxazolo[4,5-blpyridinyl, isoxazolo[5,4-bipyridinyl, benzo[d]isothiazolyl, isothiazolo[4,5-
20 b)pyridinyl or 4-isothiazolo[5,4-c]pyridinyl, each unsubstituted or substituted by 1-2 halogen.

9. A compound according to any of claims 1-8, wherein R® is benzo[dlisoxazol-3-yl, 6-fluoro-
benzo[d]isoxazol-3-yi, 5-fluoro-benzoidlisoxazol-3-yi, isoxazolo[4,5-b]pyridin-3-yl,
isoxazolo[3,4-b]pyridin-3-yl, benzo[d]isothiazol-3-yl, isothiazolo[4,5-b]pyridin-3-yl or 4-
isothiazolol3,4-clpyridin-3-yL

25 10, A compound according to any of ciaims 1-9, selected from the group consisting of

cis-1-(4-Benzoldjisoxazol-3-yl-cyclohexyl)-8-chloro-4 H 6 H-2,3,5,10b-tetraaza-
benzo[e]azulene-5-carboxylic acid rerr-butyl ester, '

trans-1-{4-Benzo| d]isoxazol-3-yl-cyclohexyl}-8-chloro-4H,6 H-2,3,5,10b-tetraaza-

benzo[elazulene-5-carboxylic acid tert-butyl ester,



5. A compound according to any of claims 1-4, wheréin Rl is selected from the group consisting of
methyl, cyclobutyl, methyl-2-ethylatnine and 1-oxo-2-(dimethylamino)-ethyl. 15 6. A compound
according t 1-5, wherein R2 is chloro. 7. A compound acc laims 1-6,
wherein R3 c}gl%(%%{r/g%%%sl unsubstituted or substittged by 1-2 halogen. g%ﬁgc}% dB gccordlng to
any of claims 1-7, wherein R3 is benzokilisoxazolyl, isoxazolo[4,5-b]pyridinyl, isoxazolo[5,4-b]pyridinyl,
benzo[dJisothi E%é?&’ﬁ}@?a%[ﬂ 51 2RARAI Bl oSOiaRAIAIS AreIB IFiHe RAGH, unsubstituted
or substituted ogen. 9."A"compound according to any of claims 1-8, wherein R3 is
benzo[d]iE¥d%4

6-fluorobenzo Ilsoxazol 3-yl,5-fluoro-benzokilisoxazol-3-yl,isoxazolo[4,5-b]pyridin-3- yI

isoxazol oS - RAMA T HehAopirsstss sl ﬂl@@nﬁ.%m[h%%}ﬂvﬁa% [13 o 4Ib-
isothiazotefispdchpyriclinl@utkr25 10. A compound according to any of claims 1-9, selected from the
group consisting of

cis-144- B;emzqw}imab@dﬁ&zyiﬂzwBh&xyﬁ%@h&@m%lﬂcﬁdﬂ%&m@ma@;meblza{[dazwene-5-carbox
ylic acid {git;| QW}'&!

trans-1- (4 Benzo[d]lsoxazol -3-yl-cyclohexyl)-8-chloro-41,6H-2,3,5,10b-tetraazabenzo[e]azulene-5-carb

oxylic acid tert %tﬂe%% 1'"]§,S p%l/ll§ i 77%{”@8}%01&)%953%9}5 Bdgq%) 47235 1

cis-1-(4- enzo Isoxaz cyco exy raéiabenzoklazulene
cis-1-(4- Edrssgichenzole] azuleéne,
soxazol-3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5,10btetraaza-benzo[e]azulene, 5
trans-1-(4:BénzblifsokdAoitadposgydieniekylisgsenidrb) sdildroldd 235 fob W tassabenzo[e]azule
ne, trtansttnZBraakidiSaxszel3ky kayaahexy)-&ehloro-5-methyl-5,6-dihydro-4H-2,3,5
,10btetraaza-benzo [e] azulene, trans-8-Chloro- 1-14-(6-fluoro-benzo[d] isoxazol-3-ye-cycl

ohexyl]-4:64H52:815:4 QbrietraazatOberalrlaauiare by %?@%%ﬁ}aswdﬁfmwm@t% 10b-
trans-8- qgl% Q alﬁi -f yorp-t -henzokflisoxazol-3-y1)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10btetraaza-ben

zo[e]azulene frans-8-Chioro. 1 14- -(6-fluoro-benzo [d] is

|-3- I dro-4 10b t 15
a5 UG B B RO T RS EP oo O Eno [e]
azulene-3-tarbdxjticeacichranobiigzuésier,

trans-8-Chloro-1-14-(5-fluoro- benzold1|soxazol-3-y1)-cyclohexyl1-5,6-dihydro-4H-2,3,5,10btetraaza-
benzé [elrazsi®id)orotiais{§-Cimorddnda] ((Bstivard-Behzofulohexyl]-4H,.6H-2,3,5,10b-tetraaza-

isoxazoln3nysrepetabexylhrbongibyd:dErdiiyeresdt 20 2,3,5,10b-tetraaza-benzole]azulene,
trans-8-Chloro-1-(4-isoxazolo [4,5-blpyridin-3-yl-cyclohexyl)-4H,6H-2,3,5,10b-tetraazabenzo [e]

azulene-prearkylic Acicktestralty gsies m%%a%o%l9rpeﬂy-c%ﬂé9ﬁ%%0&ﬁl§am%% 3:vheyel

ohexyl)- 5 6-di Q/gro -4 3,5, 10btetraaza benzo[e]azulenge,
thiraazd-benzole]azulene,

trans-8-Chloro-1-[4-(5-fluoro-benzol diisoxazol-3-yl)-cyclohexyl}-5-methyl-5,6-dihydro-4H-
20 2,3,5,10b-tetraaza-benzolelazulene,

trans-8-Chloro-1-{(4-isoxazolo[4,5-b]pyridin-3-yi-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-
benzo[e]azulene-3-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-{4-isoxazolof4,5-D]pyridin-3-yl-cyclohexyl)-3,6-dihydro-4 H-2,3,5,10b-
tetraaza-benzo[elazulene,

25 trans-8-Chloro-1-{4-isoxazolo[4.5-b]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-
2,3.5,10b-tetraaza-benzoielazulene,

trans-8-Chloro-1-(4-isoxazolo[5,4-b]pyridin-3-yl-cyclohexyl)-4 H,6 H-2,3,5,10b-tetraaza-
benzolejazulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-(4-isoxazolo[5,4-b]pyridin-3-yl-cyelohex vl)-3,6-dihydro-4 H-2,3,5,10b-
3 tetraaza-benzolelazulene,



-
- - -

25 : T
trans-8-Chloro-1-(4-isoxazolo[4,5-b]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4H2,3,5,10b-tetraaza

-benzo[dazyengy: /134877 . PCT/EP2011/056391
trans-8-Chloro-1-(4-isoxazolo[5,4-b]pyridin-3-yl-cyglhexyl)-4H,6H-2,3,5,10b-tetraazabenzolel

azulenc-5-carboxylic acid tert-butyl ester, trans-8-Chloro-1-(4-isoxazolo

[5,4-b]on%yé)85&1%&@ﬂ!@i—.@digz&égé%%;ﬁ%{&%@;@ég@%@{sﬁl)ag.%%a%l-}!}@dmydm-4H_

2011/13?%70;P T/I%PZPO]__?/OSG‘@ )1 -74-

trans-8- r’(%- _ta_ri%a EVLo| (o) ,ﬁz-‘B]fBVridin-3-y1-cyc|obexyl)-5-methyl-5,6-dihydro
-4H2,3,5,10b-tetraaza-ben_zot%e] azulene,

trans-1-A9B& 2T SR ARyl KEP - EhBrUere 6i-578 5 o8 Aol abenzole]azulene-5-ca
rboxylic aeiddbriabutylceStenbsxylic acid tert-butyl ester,
trans-1-(4-Benzold]isothiazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraazabenzo[e]
azuléne transk-1 4BBenzd|djistthibdefi 3 yiokcloheikydi8rciigrdibytethifl-B H5diRb-tetraaza-
ydro-4H+¢,3,8;1btetiaza-benzo el azulene, trans-1-(4-13enzo
[c]isothiazol-3-yl-cyclohexy1)-8-chloro-5-cyclobutyl-5,6-dihydro-4H2,3,5,10b-tetraaza-benzo[e]

azulene, el 241 (rBeaplElsouiasel duls ey S R HEIRFS ARl 32108 feyaszabenzo

azulen-5-y1 -ethyll-methyl-amine,

trans-1- 194 BE1 46T AS01-3-yI-cyclohexyl)-8-chloro-411,6H-2,3,5,10b-tetraazabenzo[e]
azulen-5-yll-ethanone, 15 trans-14 1- (4-B enzo '
[d]isothid58s3LyidcPermbsinBiermbroviayeinbo sy dobleetrasrslbngd fof-dihydro-4H-
azulen-52y31 1 -Riiclimetimel xminde gthdnene, trans-1-(4-Benzo [d]
isothiazol-3-yl-cyclohexyl)-8-chloro-5-methanesulfonyl-5,6-dihydro-4H2,3,5,10b-tetraaza-benzo [e]
azulene,rrartsast 8-Gnereo Hdoisothazolold,SidilpRinin-chyreyanhExy ;3 HBHe 2.3 4.10b-tetraaza20

Dol S AR AT I D gster

trans-8-Chloro-1-(4-isothiazo 3-y1-cyclohexyl)-5,6-dihydro-4H-2,3,5,10btetraaza-benzo
[e] azulene, . .4 ., o RPN _

trans-8-CHIbm-1- (A i sl B2 ToyHa S P B KES- 8 Frdtrgrs & WS H#84iH2,3,5, 10b-tetraa
za-benzbfEradGlanEcSireridbatehforo-1-(4-isothiazo10
[5,4-c1pyridin-3-yl-cyclohexyl)-4H,6H-2,3,5,10b-tetraazabenzo azulene-5-carboxylic acid tert-butyl
estel trd@z&@ﬂdﬁgﬂ@&@d}éﬁ@@hiﬁg@l@—yl—cyciohexyl)-8—ch101‘0~4H B6H-2,3.5,10b-tetraaza-

[5,4-dpymrdindeyiayetiohexy-Sb-aifydiméHidshel Obtetraaza-benzo [e] azulene,
trans-8-Chloro-1-(4-isothiazolo15,4-dpyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4H30

2,3,5,10b-tgtraazarhanzolplsduene: - WA A0 13484 K6 F ERAAILMRORAL 6 dihydro-4H-

2,3,3,10b-tetraaza-benzo[elazulene,

trans-8-Chloro-1-(4-isothiazolo[4,5-bipyridin-3-yl-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-
20 benzo[e]azulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-(4-isothiazolo[4,5-b]pyridin-3-yl-cyclohexyl)-5,6-dihydro-4 H-2,3,5,10b-
tetraaza-benzofelazulene,

trans-8-Chloro- 1—(4—isothiaz010{4,5 -b]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-
2,3,5,10b-tetraaza-benzol e]azulene,

25 trans-8-Chloro-1-(4-isothiazolof3,4-c]pyridin-3-yl-cyclohexyl)-4 H ,GH -2,3.5,10b-tetraaza-
benzolelazulene-3-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-(4-isothiazolo[ 5, 4-¢]pyridin-3-yl-cyclohexyl)-5.6-dihydro-4H-2.3,5.10b-
tetraaza-benzoleazulene,

trans-8-Chloro- 1-(4-iscthiazolo[ 5.4-c]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-
30 2,3,5,10b-tetraaza-benzofe]azulene,



= -

-75- e .
cis-1-(4-Benzold]isothiazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b- tetraazabenzo[e]azulene -5-carb

oxylic acid tgrRButy} SRS, PCT/EP2011/056391
cis-1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chlorts5,6-dihydro-4H-2,3,5.10b-tetraanbenzo[dazulene,

and 5 cis-1-(4-Benzo [d] isothiazol-3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4H-2,3,5, 1
Ohtetraaza: P%@%ﬂi%h%%ﬂ& @.@@weﬁ&sﬁﬁﬂm@&%p&@mﬁ 9Ll compound according
to any of claims,1-1 (-%Iect% 1€el_?rou t‘aonsstlng of  cis-1- (4-Benzo [d]
isoxazol-}fﬁgflfrgy&zﬁ {’Qy 1OP0-4 5, bbHetraazalo benzo[dazulene-5-carboxylic acid
tert-butyl ester,

trans-1- (ﬂ‘%%ﬁ%d?[aﬂ’%?;@% bepleolohsstoPe s Drtorbloia s 9y dradbliet el dbliz6idazulene-5-carb

oxylic acldner{detylerstemtis- 1-(4-Benzo [di isoxazol-3-yl-cyc]
ohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b e aazabenzo[dazulene, 15

cis-144-Berizokiisoxalzbis3tyknylclohiexyd) s eatylord-Grinre thiyh b dhydiaviry-2,3;3,1 8btetraaza-benzole

lazulenedgans:henzo :g ¢lazulene,
-(4-Benzoknisoxazol-3-yl-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraazabenzo[e]azulene,

trans-1-(4- Bglng [d].isoxazaly %Icg I&I?gémlgtﬁegm?ro -5-methyl-5,6-dihydro-4H-2,3,5 ,10b20

tetraaza- benzo[ ]azulene trans h oro- 11 4- (6-ftuoro-benzo i
soxazol- g y%z {clohe c40|I| g}lj t% 1anti§tr bg?z?r% ulene-5- ggr%gx ic. ac gt tert-butyl ester,
trans-8-Chloro- 144 (g‘ uoro- enzo soxazo % exy 6|hy8rolzl

cyc
,10btetragz zord ene,

a8 A RS S g s k8 823y aro-aH., 3.5 10b-tet
aazalberzordbardnes-frandScgisiersd Yefr-butyl ester,
4-(5-fluoro-benzo[d]isoxazol-3-y1)-cyclohexyl]-4H,6H-2,3,5,10b-tetraazabenzo[dazulene-5-carboxylic
acid tert-brutyt b$teBe D200 A3 MBYIFECITHERAD $1/OB639H (16-2,3,5,10b-tetraaza-

trans-8-Ghlpig 44A1&dlyargenzoldiisaxarakd-ysldrcyclohexyl]-5-methy1-5,6-dihydro-4H2,3,5,10b-tet
raaza-benzo[e]azulene,

rans & GRloyQalrdiizp @&%ﬁer 3 IRXUSReR - RUAIRRE D By Bid-2:7 2510 Rl itRpgahenzolelazulene

5- carbogﬁc a ej? te t b
trans-8 Ikﬁfg— - f’é’(%xazolo[4 5-1Appidin-3-yl- cyclohexyl) -5,6-dihydro-4H-2,3,5,10btetraaza-benzole]
azulene, trans -8-Chl oro- 1-(4-isoxazolo [4,5-b]p

din-33yI-&EIbiRnA IR btAS I3 iy 2%95%H<tétr1§s%aflb%ﬁi%ré}£2cﬁéﬁ% 3,5,10b-

trans-8-Chileraalbédrsiaaotnfs,4-b]pyridin-3-yl-cyclohexyl)-4H,6H-2,3,5,10b-tetraazal0 benzok

Jazulene-5-carboxylic acid tert-butyl ester,
trans-1-(4-Benzold]isoxazol-3-yl-cyclohexyl}-8-chloro-5,6-dihydro-4H-2,3,5,10b-tetraaza-
benzo|elazulene,

trans-1-(4-Benzo[d)isoxazol-3-yl-cyclohexy!)-8-chloro-5-methyl-3,6-dihydro-4 H-2,3,5,10b-
20 tetraaza-benzof[elazulene,

trans-8-Chloro-1-{4-(6-fluoro-benzo[d]isoxazol-3-yl)-cyclohexyl|-4H,6 H-2,3,5,10b-tetraaza-
benzole]azulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-[4-(6-{luoro-benzo[d]isoxazol-3-yl)-cyclohexyl]-5,6-dihydro~-4H-2,3,5,10b-

tetraaza-benzo[elazulene,

25  trans-8-Chloro-1-14-(6-fluoro-benzo[d]isoxazol-3-yl)-cyclohexyi]-3-methyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzo[ e]azulene,

trans-8-Chloro-1-[4-(5-fluoro-benzold]isoxazol-3-yl)-cyclohexyl|-4H,6 H-2,3,5,1(0b-tetraaza-
benzo[elazulene-5-carboxylic acid tert-butyl ester,

trans-8-Chloro-1-[4-(5-fluoro-benzo[dlisoxazol-3-yl)-cyclohexyl]-5,6-dihydro-4H-2,3,5,10b-
30 tetraaza-benzolelazulene,



trans-8-ChIoro-l-(4-isoxazo|o[5,4-b]pyridin-3-yl‘-c§/clc5hexyl)-5,6-dihydro-4H-2,3,5,10btefraefza-benzo[ej
azulene, :
trans-8-ChlQyer1g{4rsaxazolo[5,4-1Apyridin-3-yl-cyclohexyl)-5-methyl-5,65giygeg: 4 b2 p, 10b-tetraaz
a-benzoklazulene, 15 -76-
trans-1-(4-Benzocflisothiazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraazabenzo[e]azulene-5-c

arboxyli,agid Mﬁ%ﬂ 8818Y.fluoro-benzo[dlisoxazol-3 —yl)—cgclphexyl] -5-methyl-5,6-dihydro-4H-
trans-l-(4-§3§r£6 dlisothi zol-jt- I-({XCIohexyl)-S-chIoro-S, -dihydro-4H-2,3,5,10b-tetraazabenzole]azul
23,3, Y Iaazav«? NzQ %az

ene, trans:1-(4-Benzod]is |azo‘i?§1yl-cyclohexyl)-8-chIoro-5-methyl-5,6-dihydro-4H-2,3,5,1Ob20
tetraaza-benz Jazulene, trans- L
1-(4-Ber BB S oIS e BT B IOy K- S 8 15%6 tetraaza-benz

o[e]azuldsazetatigylene-5-carboxylic acid tert-butyl ester,
2-[1-(4-Benzo[dlisothiazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5,10b-tetraazabenzo[elazulen-5-y1J-eth
yl}-methyteami€hRso- 1-(4-isoxazolof4,5-b]pyridin-3-yl-cyclohexyl}-5,6-dihydro-4H-2,3,5,10b-
trans-1-[{4:Bepzefd]igeshiazol-3-yl-cyclohexyl)-8-chloro-4H,6H-2,3,5.10b-tetraazabenzo[e]aculen-5-y
1]-ethanone, trans-1-[1 -(4-Benzo [et]

isothiazql3:ylecyaioRey)-§chloromdi 6iH-2:3i9.4¢ -'é?&iéﬁéﬁ?ﬁ@%ﬁeﬂgz-s 6 libydro-411:

[e]azuleg—rgg ]O-E-dlmeth)%ammo-et anone, WO 2011/134 CT/EP2011/056391 -77-
trans-8-Chloro F- 8 aHHIRTSIA BIPSridin-3-yl-cyclohexyl)-4H,6H-2,3,5. 10b-tetraazabenzo[dazulene
-5-carboxylic acid tert-butyl ester, trans-8-Chloro-1-(4-isothiazolo 4,5églp ridin-3-yl-cyclohexyl)-5,6-dib
SRR s R A ek e A e
pyritlin-3syhoyiciplrelepb-5camiethylic aGddiydroyd Ek2:8,5,10b-tetraaza-benzo [e] azulene,
trans-8-Chloro-1-(4-isothiazolo[5,4-clpyridin-3-yl-cyclohexyl)-4H,6H-2,3,5,10b-tetraazabenzoldazulene-
5-carboxyligsagidgntebLiyl Bstarolo[ 1rangpSridhla aile (4tisethinznldihydro-4H-2,3,5,10b-
[5,4-c]py{(;gl‘pd-gﬁ-_\gégnggﬂgﬁggé,6-dihydro-4H-2,3,5,10b10 tetraaza-benzo [el azulene, and
trans-8-Chloro-1-(4-isothiazolo[5,4-c]pyridin-3-yl-cyclohexy0-5-methy1-5,6-dihydro-4H2,3,5,10b-tetraa
za-benzgle]a or. g pharmaceutically acceptable salt thereof 12. A ound ording to any of
claime 1 e P R B SR SO M SRR 95
trans-1-(Z-Ben2b[EfiaxabenaMlegtiitexyl)-8-chloro-5-methyl-5,6-din
ydro-4H-2,3,5,10btetraaza-benzo[dazulene,

trans28-@iftoro-144¢e 2ldis Bt {idorakdies s fepbtome ki S-treth\ibsigrdinydro-4H2,3,5,10b-tetr
aaza-behzatdpAdiRnge-5-carboxylic acid tert-buty! ester,
trans-8-Chloro-144-(5-fluoro-benzo[d]isoxazol-3-y1)-cyclohexyl]-5-methy1-5,6-dihydro-4H20

2,3,5,10b-48raazathansRIRIBEISREs -y1-cyclohexyl)-8-chloro-5,6-dihydro-4H-2,3,5, 1 0b-tetraaza-
trans-8-Chlorg-1- 4-isoxazo|o[4,5-b]pyrid|n-3-y|-cyclohexy0-5-metﬁyl-5,6-dihydro-411-
Jbag |

2,3,5,10b-btlgt(r} ay‘rlaeenr%o [e] azulene,

trans-1-(4-Benzo{dlisothiazol-3-yl-cyclohexyl)-8-chloro-5-methyi-5,6-dihydro-4H-2,3,5,1Gh-

20  tetraaza-benzo[e]azulene,

trans-1-(4-Benzold]isothiazol-3-yil-cyclohexyl)-8-chloro-5-cyclobutyl-5,6-dihydro-4 F-
2,3,5,10b-tetraaza-benzolejazulene,

trans-{2-[1-(4-Benzo{dlisothiazol-3-yl-cyclohexyl)-8-chloro-4H,6 H-2,3,5,1Ob-tetraaza-
benzo[ejazulen-3-yi]-ethyl }-methyl-amine,

25  trans-1-[1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chioro-4H,6 H-2,3,5,10b-tetraaza-
benzofe]azulen-5-yl]-ethanone,

trans-1-[1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-4 H,6 H-2,3,5,1 Ob-tetraaza-
benzo{e]azulen-5-yl]-2-dimethylamino-ethanone,

trans-1-(4-Benzoldjisothiazol-3-yl-cyclohexyl)-8-chloro-5-methanesulfonyl-5,6-dihydro-4 H-
30 2.3,5,10b-tetraaza-benzo[e]azulene,



trans-8-Chloro-1-(4-isoxazolo[5,4-b]pyridin-3-yl-cyclohexy0-5-methyl-5,6-dihydro-4H2,3,5,10b-tetraaza -
-benzo[dazulene, 25
trans-1-(4-Bgaznidlisaihiazol-3-yl-cychthexy1)-8-chloro-5-methyl-5,6-dihygeAfnd 14 8 1btetraaza-be
nzolejazulene, -17-
trans-1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-5-cyclobutyl-5,6-dihydro-4H2,3,5,10b-tetraaza-
benzo[elazhlenhloro-1-(4-isothiazolo[4,5-blpyridin-3-yl-cyclohexyl)-4H,6 H-2,3,5,10b-tetraaza-
trans-{ZAb%-lﬁdﬁe?é}zsz‘;ﬁ%g{gssotgi%%gﬁ%%l(;&y%%s%)%gi%-chIoro-4H,6H-2,3,5,10b-tetraaza30

benzo[elazule ethylinethyl-amime, 1134877PCT/EP2011/056391 -78- trans-141
-(4-Benzo[dfispthiazol-3-y 1 -cyclohexyl)-8-chloro-4H,6H-2,3,5,10h-
nla:z.[aaé%gﬂ'ﬁlorg:?fﬁ-égg%@ﬂ%ﬁ%Irggﬁgﬂ%{g}]-éﬁé:cyc%oﬁexyjl)—?,6-d1hydr0—4H-2,3,5,1Ob-

aazabenzo en-5-y
trans-8-GHiaree1enslstinraeie[4, 5-b]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4H2,3,5,10b-tetraaz
a-benzoklazulene, and 5

transS8-Chiord-LiiZoisotHikzol i lo] dyriblnyBidike3olotiekyle Syhidthyd tbyb-ihgtdrpld-8,5,
|Ob-tetra@zarhepzefelazuensy[el-aurharmaceutically acceptable salt thereof. 13. A process for the
preparation of the compound of formula | according to any of claims 1-12, comprising the step of

reacting %ﬁt@R@M@%qf._t@rmiﬁauoms':;&hpwngﬁgmg@mggmmﬂh,301@Q.tei%zaompound of
formula | where nmll2;2,e_ 2 a%d le,are Ed(te ined in claim 1. 14. A compound formula I, whenever
obtainab é’lbéf/) [t géf)lrié%eséczgcé)c%{y&%ﬁéctlo SHR3 155, A compound of formula | according to any one

of claims 1-12 for use as therapeutically active substance. 16. A congﬁund of formula | according to
any one B P26 B UERAR e HrdDen R o rastmieny o SHefsrHE R taldBr female
sexudl digferrstibendnpendnsiomdhronic heart

trans-8-Chloro-1-(4-isothiazolo[5.4-¢]pyridin-3-yl-cyclohexyl)-5-methyl-5,6-dihydro-4 H-
2,3,5,10b-tetraaza-benzofe]azulene,

or a pharmaceutically acceptable salt thereof.
12. A compound according to any of claims I-11, selected from the group consisting of

15 trans-1-(4-Benzo[dlisoxazol-3-yl-cyclohexyl)-8-chloro-5-methyl-5,6-dihydro-4£-2,3,5,10b-
tetraaza-benzolejazulene,

trans-8-Chloro-1-[4-(6-fluoro-benzo[d]isoxazol-3-yl)-cyclohexyl]-5-methyl-5,6-dihydro-4H-
2,3,5,10b-tetraaza-benzolejazulene,

trans-8-Chloro-1-[4-(5-fluoro-benzo{d]isoxazol-3-yl)-cyclohexyl]-5-methyl-5,6-dihydro-4H-
20 2,3,5,10b-tetraaza-benzofe]azulene, '

trans-8-Chloro-1-(4-isoxazolo[4,5-bpyridin-3-yl-cyclohexyl)-3-methyl-3,6-dihydro-4 H-
2,3,5,10b-tetraaza-benzo[ejazulene,

trans-8-Chloro-1-(4-isoxazolo[ 5 4-blpyridin-3-yi-cyclohexyl)-3-methyl-3,6-dihydro-4 H-
2,3.,5,10b-tetraaza-benzole}azulene,

25 trans-1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-5-methyl-3,6-dihydro-4H-2,3,5,10b-

tefraaza-benzolelazulene,

trans-1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-5-cyclobutyl-5,6-dihydro-4 H-
2,3,5,10b-tetraaza-benzo[e]azulene,

trans-{2-[1-(4-Benzo[d]isothiazol-3-yl-cyclohexyl)-8-chloro-4H,6 H-2,3,5,10b-tetraaza-
30 benzofe]azulen-5-yl1]-ethyl }-methyl-amine,



failure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome, anxiety, 20
depressive disorders, obsessive compulsive disorder, autistic spectrum disorders, schizophrenia, and
aggressive bewg\ﬁ%lﬁhy%?- 18. A pharmaceutical-gemposition accordinléCtTéE(i:’IzéllergSi:ﬂ]Z, wherein it is
useful for the prevention or treatment of dysmenorrhea, male or female sexual dysfunction,
hypertension, chronig BERYL (A6 NIRICRIIAIR.SAFTEUR, QT MARADIASS iR gL gifThosis, nephrotic
syndrome, anxiety, depressjve dlspég;ﬁrs, obsessive compulsive 5disorder, autistic spectrum disorders,
schizophrelfi ”’iﬁ?{&%g‘&rgéfi\/@ BRAVIBF TS I8 8 a compound of foiniula | according to any one of
claims 1-12 for reparation of a icament for the preventign or, treatment of dysmenorrhea,
male or ferfi4le é%ﬁﬁf%?/ﬁdiﬁg TR %%r(%’z%‘?%‘r?é t}é' %ﬁg’( %f%??&?%’,ﬂ%%%%?@&ﬁ%éecretion of
vasopressiﬁa,%ﬁ/é@‘bfﬁ‘h%ﬁ%?s?%’éﬁkﬂéﬂg@ﬁn%me, anxiety, depressive disorders, 10obsessive
compulsive disorder, autistic spectrum disorders, schizophrenia, and aggressive behavior. ***

5 trans-3-Chloro-1-(4-isothiazolof5,4-c]pyridin-3-yi-cyclohexyl)-5-methyl-3.6-dihydro-4 H-

2,3,5,10b-tetraaza-benzolelazulene,
or a pharmaceutically acceptable salt thereof.

13. A process for the preparation of the compound of formula I according to any of claims 1-12,
comprising the step of reacting a compound of formula II

3

R
H
N\NHZ
10 O I
with a compound of formula II1
oy S
N
R’ N
Ml
Rom

to obtain a compound of formula I wherein R, R? and R? are as defined in claim 1.
i4; A compound formula I, whenever obtainable by the process according to claim 13.

15 15. A compound of formula I according to any one of claims 1-12 for use as therapeutically

active substance.

16. A compound of formula I according to any one of claims 1-12 for a use in the prevention or
treatment of dysmenorrhea, male or female sexual dysfunction, hypertension, chronic heart
failure, inappropriate secretion of vasopressin, liver cirrhosis, nephrotic syndrome, anxiety,
20  depressive disorders, obsessive compulsive disorder, autistic spectrum disorders, schizophrenia,

and aggressive behavior.

17. A pharmaceutical composition comprising a compound of formula I according to any one of

claims 1-12.
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18. A pharmaceutical composition according to claims 1-12, wherein it is useful for
the prevention or treatment of dysmenorrhea, male or female sexual dysfunction,
hypertension, chronic heart failure, inappropriate secretion of vasopressin, liver
cirrhosis, nephrotic. syndrome, anxiety, depressive disorders, obsessive compulsive

disorder, autistic spectrum disorders, schizophrenia, and aggressive behavior.

19. Use of a compound of formula | according to any one of claims 1-12 for the
preparation of a medicament for the prevention or treatment of dysmenorrhea, male or
female sexual dysfunction, hypertension, chronic heart failure, inappropriate secretion
of vasopressin, liver cirthosis, nephrotic syndrome, anxiety, depressive disorders,
obsessive compulsive disorder, autistic spectrum disorders, schizophrenia, and

aggressive behavior.
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